WO 2006/t38553 PCT/U520061023478 METHODS OF PURIFYING Fc
REGION CONTAINING PROTEINS RELATED APPLICATIONS 5 This
application claims priority to provisional patent application "METHODS.

OF PURIFYING Fc REGION CONTAINING PROTEINS", filed June 17,

2005 18/#E Serial number 60/691821. The entire content of #fig/US2006/023478
application is incorporated herein. BACKGROUND OF THE INVENTION

10 Antibodies are powerful components of the immune system of many

animals apgreapesiay PuRansnRS s kR RUR AN MoTE

technology have allowed for the production of antibodies against V|rtua y
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Traditional antibody purification schemes (or trains) often comprise a

chromato graphy step which exploits an ability of the antibody molecule to preferentially
bind or be retained by the solid phase (or functionalized solid phase) of a
chromatography column compared to the binding or retention of various impurities.

25  Schemes have been proposed or carried out to purify antibodies which first bind CH2/
CH3 region-containing proteins to Protein A immobilized on a solid phase, followed by
removal of impurities bound to the solid phase by washing the solid phase with a
hydrophobic electrolyte solvent and the subsequent recovery of the CH2/ CH3 region-
containing proteins from the solid phase. However, these schemes are limited in that the

30 conditions used to preferentially bind the CH2/ CH3 region-contaiming proteins also
support binding of impurities (e.g., antibodies with incomplete CH2/CH3 regions). In

the development of human therapeutics, such impurities are highly undesirable.



Accordingly, a need exists for improvements in the purification of proteins
or polypeptides having constant regions, in particular, proteins having Fe
regions (e.g., antibodies), produced in cell culture. 5 SUMMARY OF THE

INVE%\‘I)TGI_ONSIQ various aspects, the present invention features metgods/
fo}vgepgr%t”l?@ a protein having an Fe region from a source quPLfi‘aﬁU 2006/023478
comprising the protein and one or more impurities. In the methods of the

invention, the protein having an Fc region (the target 10 protein) is
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varjant [ The methods of the invention also are effective in
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Hb/llla, CDI la or a4 integrin In various embodiments, e region
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solution containing the target protein, and to remove microbial contaminants.

In various embodiments, the Fc region containing protein is an anfigen-binding

polypeptide (e.g., an antibody or fragment thereof) or an immunoadhesin (e.g., a TNF
25 receptor immunoadhesin). In various embodiments, the Fc region containing protein is
an antibody fusion, a murine antibody, a chimeric antibody, or a humanized antibody. In
a preferred embodiment, the Fc region containing protein is a human or humanized anti-
IL-13 antibody. Alternatively, in other embodiments, the Fe region containing protein
can bind an antigen such as Af, CD3, CI)SZ, VEGEF, EGFR, CD33, CD20, HER-2,
30 TNFo, CD235, RSV, IgE, gp IIb/Illa, CD11a or a4 integrin

In various embodiments, the Fe region containing protein is recombinantly

produced. In various embodiments, the Fc region containing protein is recombinantly

produced in a Chinese Hamster Ovary (CHO) cell.
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-2 WO 2006/138553 PCT/US20061023478 In various embodiments, the
one or more impurities comprise one or more of a host cell protein, a host
cell DNA, a cell culture protein, an.undesired species of the protein

having an Fc region, and mixtures thereof. For example, in various
eniibthithé#i®ihe undesired species of the protein having an PETFEERIAGC/023478
comprises one or 5 more of antibody chains or fragments thereof having
intron read through sequence, one or more antibody chains or fragments
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immobilized on a Solid phase.” This solid phase can comprise, for example, one or more

of a bead, an agarose matrix, silica, and mixtures thereof.
The divalent cation salt present in the buffer that is used to wash the Fo binding
agent can comprise, for example, a chaotropic salt. Suitable divalent cation salts for
25  preparation of the wash buffer solution include, but are not limited to, magnesium
chlornde, calcium chloride, nickel chloride and mixtures thereof. In various
embodiments, suitable divalent cation salts for preparétion of the wash buffer solution
include, but are not limited to, thiocyanate (SCN'), perchlorate (C10,), nitrate (NOs?,
chioride, and bromide salts of divalent group II (e.g., magnesium, calciurm, barium, etc.)
30  cations, divalent transition metal (e.g., copper, nickel, manganese, etc.) cations, and
combinations of these salts.
In various embodiments, the buffer solution containing the divalent cation salt

has a pH value in the range between about 4 to about 9, and in some embodiments,
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combinations of these salts. In various embodiments, the buffer solution
containing the divalent cation salt has a pH value in the range between
about 4 to about 9, and in some embodiments, -3 WO 2006/138553
PCT/US20061023478 between about 4 to about 8, between about 4.5 to

ab8H?"8 B Bdtween about 6 to about 8. Values and ranges fifcillgaepo/02347s
and/or intermediate within the ranges set forth herein are also intended to

be within the scope of the present invention. For example, the divalent
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M to about 2.5 M, between about 1.5 M to about 3.0 M, or between about 2.5 M to about
3M.

Moreaver, ranges having values recited herein as an upper or lower limit are
intended to be within the scope of the present invention. For example, ﬁae buffer

25 solution has a divalent cation salt concentration of at least about (or about) 0.6 M, 1 M,
.}"5 M,2M,25M, or3 M. In various embodiments, the buffer solution confaining a
divalent cation salt has a temperature in the range between about 2°C to about 24°C.

In various embodiments, the step of recovering the prétein from the Fc binding
agent comprises cluting the protein using an elution buffer having a pH in the range of

30  about 2.0 to about 6.5, preferably in the range of about 2.0 to about 4.0, more preferably
in the range of about 2.5 to about 3.5. Values and ranges included and/or intermediate

within the ranges set forth herein are also intended to be within the scope of the present



In various embodiments, the step of recovering the protein from the Fe

binding agent comprises eluting the protein using an elution buffer having

a pH in the range of 30 about 2.0 to about 6.5, preferably in the range of

about 2.0 to about 4.0, more preferably in the range of about 2.5 to about
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forth herein are also intended to be within the scope of the present -4 WO
2006/138553 PCT/US2006/023478 invention. For example, the elution
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binding agent with a buffer solution containing a divalent cation salt to remove one or

more impurities, and subsequently recovering the protein from the Fe binding agent to
produce a first eluent pool.
In various embodiments, the purification process continues with subjecting the
25 first eluent pool to jon exchange chromatography by contacting an ion exchange resin
with the first eluent pool such that the target protein does not adsorb to the resin and
recovering the flow-through target protein to produce a second eluent pool. In various
embodiments, the ion exchange chromatography step further comprises washing the ion
exchange resin with a buffered wash solution to recover at least a portion of any
30 adsorbed target protein.
In various embodiments, the purification process continues with subjecting the
second eluent pool to hydrophobic interaction chromato graphy by adsorbing the target

protein to a hydrophobic interaction resin (e.g., a solid phase finctionalized with

5



with the first eluent pool such that the target protein does not adsorb to the
resin and recovering the flow-through target protein to produce a second
eluent pool. In various embodiments, the ion exchange chromatography
step Rather comprises washing the ion exchange resin with a buffered
wadh281t®1 o recover at least a portion of any 30 adsorbedPfaFge0t6/023478
protein. In various embodiments, the purification process continues with
subjecting the second eluent pool to hydrophobic interaction
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of the_present invention are used to reduce one or more
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various embodiments, the intron read-through
Liquid, and in some embodiments at least 10 fold less than the level of intron read-
through variants in the source liquid. In various embodiments, the intron read-through
variants comprise less than about 1.0%, 0.8%, 0.5%, 0.2% or 0.1% of the species of said
protein in the solution containing said protein recovered from the Fe binding agent.

25 In various aspects, the present invention provides methods for purifying an Fc
region containing protein from a solution containing the protein and low molecular
weight variants (LMW) thereof. In featured aspects, methods of the present invention
are used to reduce the levels of one or more low molecular weight variant species in a

_protein preparation, for example, in an antibody preparation. In various embodiments,

30  the protein recovered from the Fc binding agent has 2 level of low molecular weight
variants that is at least 5 fold less than the level of low molecular weight variants iﬁ the
source liquid, and in some embodiments at least 10 fold less than the level of low

molecular weight variants in the source liquid. In various embodiments, the low
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variants comprise less than about 1.0%, 0.8%, 0.5%, 0.2% or 0.1 % of the
species of said protein in the solution containing said protein recovered
from the-Fe binding agent. 25 In various aspects, the present invention
provides methods for purifying an Fc region containing protein from a

soliftiott ¥blitathing the protein and low molecular weight vari&its YERMRAA23478

thereof. In featured aspects, methods of the present invention are used to
reduce the levels of one or more low molecular weight variant species in a
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disulfide Bonde variants comprise less than about 20%, 15%, 10%, 5%,

2%, or 108 GPIHE FREELSLER IR RS R adia fie BrivmimmaesTriein

prateitfirdcoverdid fronhéheethod b favdingnagent. In another aspect, the

the et S e AR A BiP ACALLE BE RfeC AR R Bhices
a SRR EBIefde pethodnthet apmvishet inettibd sttpabtGinspaiberhing the
20leagibtem stepsFebigiradseRiRditied by washing the Fc binding agent with a buffer
solution containing a divalent cation salt to remove one or more impurities, and
sub‘sequentljr recévering the protein from the Fc binding agent.
In another aspects, the present invention provides a purification train for
performing any of the methods that comprise at least the steps of first adsorbing the
25 protein to an Fe binding agent, followed by washing the Fe binding agent with a buffer
solution containing a divalent cation salt to remove one or more impurities, and
subsequently recovering the protein from the Fe binding agent.
The present invention also features, in various aspects, kits for use in performing
one or more of the methods of the present invention. In various embodiments, the kit
30 comprises at least one reagent and instructions for use of the kit. For example, a kit can
comprise one or more reagents such as an Fc binding agent, a divalent cation salt and
reagents for the preparation of buffer wash solution containing a divalent cation salt,

along with instructions for use of the kit.



20 protein to an Fc binding agent, followed by washing the Fc binding

agent with a buffer solution containing a divalent cation salt to remove

one or more impurities, and subsequently recovering the protein from the

Fe binding agent. In another aspects, the present invention provides a
puWficatiomtzih for performing any of the methods that compFR€@/ tilemsri47s
the steps of first adsorbing the 25 protein to an Fc binding agent, followed

by washing the Fe binding agent with a buffer solution containing a

divalent cation salt to remove one or more impurities, and subsequently

rec%ﬁm%_ﬁggéﬁf{%% f&%@%ﬁ%‘ﬂ&me present invention

also features, in various aspects, Kits for use in performing one or more of
the methoBEGeHaEresdaserinenthsrintanimioiisresnbobifnérits, thedder@hding

COMRBEIEEH bIeASHONSRAGA Y ARAINSIUGIIANS. fRlHSR Af N ?‘ﬂgtd%ﬂzgt'pns set
gxafgﬁgeﬁg%kit can comprise one or more reagents such as an Fe mohng

agen AR & RASH EQRPSA dOrrER56 SRS PARE X AR b PigufRé Himitation.

wash solution containing a divalent cation salt, along with instructions for

usepof ihe kil £ Y{Rm995(4 38553 PCTR_U82006/023478 DETAILED
DESCRIPTION OF THE INVENTION Prior to further describing the

invention, B BRI fie Riaserideyersingipty videy enftbodsefofqrehifying an Fe
defiifions aitaarial pritem S itRebnae QAR edeinitians s 6L Jlolggfre read-

1 erﬁil%logaﬁ/e beetrg t%%oug){ed for eaée of reference only and not by way o
imitation. Protein RETatet Betinifb fEemriarlierdepdtheorst yduent In featured
invespientsprotidds ofitthposdaripeiytngranfd thagitin COBRIMIRG PEAtRIAmore
fronhacsoldien capiaiing Jhg.RrQisin.aad.one.or more read- 10 through.
variants thereof, s%ﬁ] ag,gfor exgr%plg?%% ngrtgamdg{ﬁ%ﬁa(g%ﬁ[\liagralléﬁfs. r?e’man'
feaffHHPRE PR aiqEH bR temh cinfresaerdriiembry aientSedd S indduceaththrough

levelsiahtipedismasasi ari@asH abr d RIIVRHIE SREFIESUL 8F a process
in an antibody preparation. The terms

N A -

'intron rgaad-tﬁrgﬂg Vatiant* ahd TSR PERE FTSeIG fralsESt Gecthgtarget
arenigstimebsisahdedblinleintandsreferitettide oo ductnieipioness ddling
Whesgiin Hie. S e ais of {Hgiﬁt?oﬁe;gﬁ%iltmﬂé%@aﬂ%%g% i LNETes (C Siant of
the target protein) polypeptide chain elongation is te m[nate(:e{ prior 0
trar SEAPRIGHN BF Bitahty cragiBr ey e stiorerRe ittrone st ors iheomplete
codingigdigromtiaige Sulltisrarviay RntcahtRers RS MO HBIREB LG réfliting in the

26””8&%%9&%&%‘%9 g]%%as@t e\rlgitlc:’fi&gr%n rinqvlgﬁ%g -%5?3'13 evaziants.

The term “under disulfide bonded variant”or “UDB” refers to any species where
at least one disulfide bond is missing. The missing disulfide bond can be either an
interchain disulfide ‘non_d or an intrachain disulfide bond or a combination of the two.

The term “low molecular weight species” or “LMW? species refers to variants of

25 the Fc region containing protein including a protein species that consists of free heavy
chain, free light chain, IRT species, half-molecule, and three-quarters-molecule, or-
mixtures thereof.

Protein A is an about 42 kD cell wall protein found in most strains of
Staphylococcus aureas which binds with high affinity (about 10 M to human 1gG) to

30  the Fc region of antibodies. As used herein, the term "Protein A" encompasses Protein
A recovered from a native source thereof, Protein A produced synthetically (e.g. by
peptide synthesis, by recombinant tcéhniques, etc.), and variants thereof which retain the

ability to bind proteins which bave a CH2/ CH3 region.

8.



or missing domains- Such introns can contain more than one stop codon
resulting in the 20 possibility of producing several different intron

- read-through variants. The term "under disulfide bonded variant"or "LIDB"
refers to any species where at least one disulfide bond is missing. The
m¥sIAePeikEfide bond can be either an interchain disulfide bdH&FdiS6/023478
intrachain disulfide bond or a combination of the two. The term "low
molecular weight species” or "LMW" species refers to variants of 25 the
Fc region Eonediring preteweihptuttingrammpisip Gpeejesctivat. CRREIHDE 2 type I
frecrageWpiGh Aol GRJONIANAR R SASGIE R AL MAIPEHRLAN i particutar
three-quarters-molecule, or mixtures thereof. Prot€in A'is an about 25% ’

cell RHIRPIBRGTto0R dSPr hsiis s iasr Raiphyio coceunare Beolehichrecovered
bindsowithnaipyle edtiriéy{erees PN Indumnana@dessdhe 5¢ gagiee
S

gf agltltgge%%% . As used he{% the term "Protein A" encompasses Protein

A redovered Hom a hatve Sé%%%“fﬁ@?%&fﬁﬁ%ﬁﬁﬁ’}@&%ﬁ@é’ﬁmh retain the ability
syntadiiedioteity. Wiichdptidendymthgsis, by recombinant techniques, etc.),

and varia 2) ich+etai ili Nl telns whi ave

CH2/ CH?%%E? -,Iéﬂ*‘b?o p%%%%@gg%é%%s %%%%%%geﬁgp ELWE%‘?&‘TS
a c&fl WA ProteiphomPErbi v RoesormmeatPptiipschaipérmture consisting

Fc-refuejt hﬁamhmiﬁ_bmsgmb' a '%ﬂm?fﬁmﬁm g %&E&i@g&@%@éﬂ@ﬁﬂ@wn |
' part 106G antibodies. erejn,.the term "Protein G"
R RE 0SS AR ES D P N e DR bR Ton i heovy

G protldiebtichyinnad dalieddnte, dympimstide 5 synthesis, by recombinant
techniquesygter ashyanianie ey s alobichletain g abiisy 1ig.pind:,
or

proteins which have an Fc region. The term "antibody”
"iml%olﬁgi%e@l% W}({}g@g RSk 1&9@@ éebgy, ﬁg@ﬁjﬂfgé@ 4@ emide loops) stabilized,
antifgerxaingliedp fopedatbbsiog andasititidnRe NREBILS CRRIMSIHAGIY LS. further
o e S e e B aronce
spetHiesg pittirafhtgemaBstbf Netvys ansk lighhishraingiaresfelded tasastant
donaaingia TRaneBndeMAIHISIR it AQRIALICYUPR.Ob & Reavy or light,
chain polypeptide comprising peptide Ioops?‘%e.g., comprising PERT
peptitie 8pEsahsiiidertaitor éf@&ﬁﬁﬁ}g’, IRrRipeaide Sakiahamaerreferred to
intraghaimoissibligles sophk deimednstarerfuther, tideiaradcimherein@sing, “cr”
2500p%%rﬁgIOQF‘a@r@o%%SH?S%I%Qa}Qﬁd’%%&@ olraf %ﬁe?}t&g\%]c ea?x(i: %re referred to
interchangeably as “heavy chain constant regions”, “heavy chain constant domains”,
“CH?” regions or “CH” domains). “Variable” domains on the light chain are referred to
interchangeably as “light chain variable regions”, “light chain variable domains”, “VL”
regions or “VL” domains). “Variable” domains on the heavy chain are referred to
- 25 interchangeably as “heavy chain variable regions”, “heavy chain variable domains”,
“VII” regions or “VH” domains).

The term “fragment” refers to a part 6r poftion of an antibody or antibody chain
comprising fewer amino acid residues than an intact or complete antibody or antibody -
chain. Fragments can be obtained via chemical or enzymatic treatment of an intact or

30 complete antibody or antibody chain. Fragments can also be obtained by recombinant
means. Exemplary fragments include Fab, Fab’, F(ab®)2, Fabc and/or Fv fragments.

The term “antigen-binding fragment” refers to a polypeptide fragment of an



variation within the domains of various class members in the case of a
"constant” domain, or the significant variation within the domains of

various class members in the case of a "variable" domain. "Constant”
domains on the light chain are referred to interchangeably as "light chain
constarisregoms”, "light chain constant domains”, "CL" 20 reghsiisusedio?347s
domains). "Constant” domains on the heavy chain are referred to
interchangeably as "heavy chain constant regions”, "heavy chain constant
dorfainetiogiCliregianib oty Gkt bilein aitigkn Masable: damains eadhadiohiy
chag ' bly-as "light chain variable regions",
"Iigﬁbﬁggﬁ%ﬁggI?é%?n%ﬁw%@\%@ﬁ%g{é%%g%nrﬁ\?%mﬁbmains). "Variable"

domains oM &t ERaT e stelvay aadSinierdh ingedohfas thefison
chairovas aiRdegians: 4 Pemeh shainNasial) e9aMmainSenst Yis ﬁ‘o;ﬂi%%y

VH']':(()J](omairhgl). The tﬁ%m "f&ag ent" refers to a part or portion of an S
anttboay ar Antbo RS EomphEs senret yhrremrlished by ssadiaenamecring
intaft tbe eonmpistedingtibotrariantivbliyockaitsyRgnents epmbehRained
viaigRemiGaL QLe fi f an intact or 30 complete antibod

or antibody chainf%g%ﬁm%&tg%%%géﬁ)oggn 0 %a%ﬁe%l y rlgg%%%%g%{egon fused

melgral B RipoR T apptienes iflrerc kB arbivlo gicaly 2t i or amainy & receptor

frageatinle: of heuBEYoraBtigarbinding ég@&mﬁrﬂf‘g%f%% %&&9%&%&% or

1dra nt fan f9 yvo 2%06/1@%55% PCTIUS200 ¢ :

imr%unoé’lo SEReE ST artiO AR H R LRIRRRS Shat Srmmies thaRctreipn adithe
antigbEgdrSreedvvichotheypmtrie deriieréderspbieific thotiges Biding flgins.
terms "antjly; QR i, "antibo sign".refers to a fusian ..

- pr%ein inclu%?ﬁgﬂg?%?lg&r%%%ﬁﬁg‘%r% %%b%éé%&ggﬂgt z]ft?g%%@%ﬁe inding to the
non-al RSEU§ S HIBHRRIS Erforrel S REptukinriuding, ngeetdiatited to, a
accomplished hygeneidcngipestng vHE0EH8 DFRMNY SRS RGN A or

dditi | mplary. antihody fusion_proteins include the cell receptor
lg&n%%%%oﬁﬁato agr%{l %ﬁ-?&%&%@%ﬁ’d‘%ﬁ’@%ﬁé@%&%&d to all or a
portion of Hisdtar ‘Sisirigiemsirette lardsiologided|pegtein for Bx@apiRdy, in
receRiRulfeahdlatens JoQloP QLY inecorhartion
Get Alhle).Q @%Bﬁ&‘iﬂ%ﬁﬁﬁ(é} ﬁ?{g%}ﬁggg; a%%%%. Although

the e?q;, an enzyme or 10 portion thereof, etc. Such \
protSinS YRAFES IR trieeien Adgh Febt e abenp s lishtsiousesion is
proteivate dificbiesmaeriadithe amhasdmh UsRNRINEI0s: HaIeRI R xyl-
20bingiﬂ8rﬁg%%?éﬁéﬁe%%€cﬁ‘a%‘f ule that is capable of binding to the Fc
ibody

region of an ant e.Jg., an'14G antibody) including, but not limited to, a

Lh -

Chromatography Related Definitiong
The term "source liquid", as used herein, refers to a liquid c'ontaining at least one
target substance which is sought to be purified from other substances also present.
25 Source liquids can, for example, be aqueous solutions, organic solvent systems, or
aqueous/organic solvent mixtures or solutions. The source liquids are often complex
mixtures or solutions containing many biological molecules (such as proteins,
antibodies, hormones, and viruses), small molecules (such as salts, sugars, lipids, etc.)
and even particulate matter. While a typical source liquid of biological origin may begin
30 as an aqueous solution or suspension, it may also contain organic solvents used in earlier
separation steps such as solvent precipitations, exiractions, and the like, Bxamples of
source liguids that may contain valuable biological substances amenable to the

purification by various embodiments the present invention include, but arc not mited

-10-



complement protein, an Fe receptor or a bacterial-derived protein, such as
Protein A or 15 Protein G, that has high affinity for the Fc region of an
antibody. The term "Fe region"refers to a C-terminal region of an IgG
antibody, in particular, the C-terminal region of the heavy chain(s) of said

1o AABAHP Although the boundaries of the Fc region of an T§&H24t4/023478
chain can vary slightly, a Fe region is typically defined as spanning from
about amino acid residue Cys226 to the carboxyl- 20 terminus of an IgG
hedy CHHRE SUeTirs i Bamphipredte s Dufiottoirsditn! fanpetisouy piasma,
liguitisras fiseibie wihnd@fers to a liquid containing at least one target
substanc h@ggnis,tsoughtbto be purified from other substances also

present. 25 'Sotrce TAiidE CHRforrExiarspi@ B HqtdEudesitn f one or more
orgéestesdfvengiopstentanion mowEBUS s ganiicsiMen HBiGMRSighid. The target

§0Ig§&@&¢£%§@érﬁﬁggﬂp{g%@ré%&fggﬁ nplex u[‘;nixtu.res or soIthi.ons

containing[many biological molecules (such as prg%ll%%l,l Oarnlﬁtg%&lté?'

hormones. g SERIidsH Ap fors legurieri@adh ths saltse Sqgdralipidstifferent
etc foantleren-Namitiiole aaliae WHID B MRIGRIAMECHIRIRQhreet substance
biol Igliﬁ%@lgp r?@aY:?ns?%'rrx] .30,a§§(1§ aqyeous solution or suspension, it

maé) alsG contain orgamc SoivaItRYraBts ACts, PSR udiag dngigatyead-
as Sernshtpretipilaions|ecentrastiais spnibthmikedExdisnpias BinsaliEsssies),

1hayigsnal havicaninyaluabieRialogical substances amenable to the

purification by various embodiments the present invention include, but are

not limited*SI5SARStsH0 818 855 JoHd ihess> prfisre 3 Aen-ujugoos mptix with which
srpemgzmuﬁmaibdmﬁcdﬁgngﬂﬂﬁmeﬂﬁmm(ﬁ%%%m i3S MR can
pla ragtl a ilk. The term. "target substance” or "target protein”
e B e e B eGSR (e
be pliffige oy teckoidenidiquitpalietahgainmitis)anchenmayecpieseliulose,

15N tb@ﬁﬁ&ﬁé@ﬁ%@@&%ﬁ&@?&?ﬁlﬁlﬂi@& %&ﬂ%@ﬁ&?@%&?ﬁ%ﬁ%@eﬁ;

ref%gs.to g]aterials in the source liquid that are different

SUBSTENERTRI RS Fohd aeh St gt ReHial Targiay Semonacielly
proghadt(sl: fwiﬁaﬂim&Jﬁﬁaﬁmwdﬂlcug:Biﬁla@%&@a@n?ﬂ&%qy@l&%e can be
introR: r species. low molecular weight specjes and under
R S th R R p—
moteg itasapagdstinserEhs sehid rwse wolhbplasstreiers ouficotivagquRouS a

20madiisonithusiigiase of discrete particles, or 2 combination thereof. The solid phase can

be of porous or nonporous character, and can be compressiﬁle or incompressible. In
various embodiments, the solid phase is a polymeric matrix or an agarose particle or
bead. In various embodiments, the solid phase can be coated with a reagent (such as

!glyqeroi), for example, to prevent nonspecific adherence of impurities to the solid phase.

25  An Fe binding solid phase need only possess a chemistry or an associated ligand that

30

will permit Fc binding agent to adhere to the surface of the solid phase. Preferred sohid
phase materials will be physically and chemically resilient to the conditions employed in
the purification process including pumping and cross-flow filtration, and temperatures,
pH, and other aspects of the liquids employed.

"Affinity ligand" refers to a moiety that binds selectively or preferentially to a
component of the source liquid through a specific interaction with a binding site of the
component. In the present invention, the affinity ligand (e.g., an Fc binding agent) is

typically immobilized to a solid phase such as a resin. Examples of affinity ligands that

11~



a target substance interacts during purification or to which an Fc binding
agent can adhere. Suitable solid phase materials include, but are not
-limited to, glass, silica (e.g., silica gel), polysaccharides (e.g., a
polysaccharide matrix) such as agarose and cellulose, 15 organic

pok?e4§ 8881 as polyacrylamide, methylrnethacrylate, and p@siyreren23478
divinylbenzene copolymers such as for example AmberliteTM resin,
(commercially available from Robin & Haas Chemical Co., Philadelphia,

Pa.yaThetsulid phaseesanshepsetegiediffiocnamaniibengRups retiite process

com Ibed:as affinity,.ion_exchan d jon capture resins. The
coit s csbenen AR RS SD Sl aptdor
phalaeswbidhs Pegtiveds birddco mpiviatinrebiane oMTthedsofhiptinge faity

be GERAIOUS S WRPOFONSERREAGIER AN SR RRIEAMAESTINSD See, ¢ 0., the
ywcog?gressmle. Ig ;ivarlo s empodiments, the solid phase is a olymerldg

Matfisc SPah Guk RRonse A R drpronnbdEirsiced Aprranshderies),

pha&aiicdiattiesdodt gekivit), drt g9 suaARSnig)yCaroh a OEreXRMBeh A Schott,
premmwggiﬂg@%%g%gﬁf impurities to the solid phase. 25 An Fe

binding sglid hase need only possess a chemistry or an associated
ligand thatWipErRTmesrnGremehet be &t cetint e Sur taceclbthaography

solig:hane chrgfaded slidhiphiase Rtk WL PG RIMNSISAUNARY 1o its surfaces.

hemicallyhr)gs{,ai)lcic nt to the conditions employed in the purificatlgn, rocess
including pimping &nd- SRS, BndPlshpragafegn ﬁF@’é‘iﬁ@laSOhd
oth&magpdemhothheclimyidsminptope i30S i bydiganditraieis:i@ive charee,
moiglydhatkindsselagivaivatfleicrantially to a, compapent of the . .~
source liquid through a specific inter:;‘l{lgﬁtlg)i%1 v%ﬁﬁxg%%ﬁ%’?r% ﬁslltlgngfl?h‘leSOI‘ltm with
conlf £ 1A% SHenssastimifsniictafie affinity ligand (e.g., an Fe binding

agent) is "WpicalkinmePizRe R R5 A diPRASE HUHR A28 85I c@ﬁ%ﬁt@%mﬂ
197 affinigy igands that -11 WOd 2%0(%&?8 53 PCT/US2006/023478 caribe
T i B A FAR Y ARSI s Fagions in

bound to the resmn su%porst’t"]élp%vfJ
prot&dytion trighprbidritbimuesinioreomticidd, Buyaiewndttimifedtion BrteiseAssins
ProfeigdewandiHich analegs,wh lyelyin Qlein ke
. region. Methods of bindin a#%%%gm%ﬁg&%’ gal}g%?éft{jr%ugt% IS are”
welRRBWI o ieneatomartidly walabircaturershensrsasnatfivige CMC-
SepeiakionsSPASEphadieaAppidacts(Repeiical ANmEe aaR- S in S mercially

2dMateitsahuk (Editor), Irl.Pr: 1997; and Affinity Chromatography, Herbert
Schott, Marcgtdg%lg%‘ﬁlﬁ'ew York: 1997. "Affinity chromatography resin”

or "affin it)'/'*‘?ﬁglﬁ e¥ehangeowiokorfrasdgrappihy exchange resin with covalently bound
positively charged groups, such as quaternary amino groups. Commercially available
anion exchange resins include DEAE cellulose, TMAE, QAE Sephadex™, and Fast Q
Sepharose™ (the latter two being commercially available from Pharmacia).

25 As used herein, the term “chaotropoic salt” refers to a salt which comprises one
or more ionic components that are low in the Iyotropic series that are able to penetrate
protein hydration shells and bind directly to their surfaces. This disrupts cohydrative
association, favoring protein solubilization. Examples of chaotropic salts include, but
are not limited to, halide salts of the Group II elements (e.g., calcium chloride,

30 magnesium chloride, barium chloride, caleium bromide, magnesium bromide, barium

bromide, calcium iodide, magnesium iodide, barium iodide).

-12-



resin that comprises a solid phase or substrate with affinity ligands bound

to its surfaces. 10 "lon exchange chromatography resin" or "ion exchange
resin" refers to a solid support to which are covalently. bound ligands that

bear a positive or negative charge, and which thus has free counterions
avilitBi¢igfB%change with ions in a solution with which the id¢ BXERGHE478
resin is contacted. "Cation exchange resins" refers to an ion exchange

resin with covalently bound 15 negatively charged ligands, and which

thus has fléeualisms suiteleavdentittiaatialts in:ladsphution: withiwttiaho, salts of

the sasf igitontagtedv b videvatiehsof sl ﬁﬂo%gﬁﬁﬁﬁé‘m%ur%ﬁ%me (G100),

known in the art, for exaqrn‘la[l){le, those wherein the coval nd.grou

are "CEISOR Ptk BEEiR i 22t MAvads 4Ry hvaiaomtiniometheraige

reSSi ns inclﬁd&ﬁ‘dﬁﬂ(f]md?eﬂu‘ m‘ ,%&Eeﬂbﬂdﬁﬁx%ﬁﬁmgozﬁﬁ%qf ab (Iiivfalent cation (e.g.,
- ar, erfwp being commercia availaple from

gha%éi@?&%é&r{ %)%c érl:é%erreresmcs fe é:'r]sat%Ei QEHE R ARt iRfgsses are

covaféhtly BistinandGafikeldteradhyativgltentpsiisuschitasashistarhstamiigotein is

grouépﬁe&:@mmg{gﬁﬂy@\égﬂﬁgg%gﬁm gxghange resins include DEAE
rM, and Fast Q SepharoseTM (the latter

cellulose, %N&%’% QAE SephadexrV ) ) _

two being ComHErcIamF IR & Hish IHERTstsRge Poselyticge dnpeeshs tik@mount
ternefetid otralpeictisa |ﬁiﬁ@fbifﬁﬁallﬁi$£alia}_zﬂamh_jﬁemth t@&q,géleA?hmggtgg{ﬁigm
160 . . |yotropic series that are able to penetrate
Do O R Pt Lo e e fred
coh$RIRSGYe fadss crithdriolegisningascote msptobititatepabixanptzsadfing a constant

chagirepit-aaisoinglureRUbna RAOHIMIS A MRl oL e, Group.ll
elements ﬁg%ﬁ?ﬁgm gh|0ride, 30 magngsiu%h%}%%gﬁﬁgrﬁfﬁ%é}%md

calcitin brofige: R HeSEIrbPSm gk b i R mammelicivesdice, 7.38 or
maghesiim ictides bhyriotogidipE)rads WE20MKIBER37.6. Traditional buffer

PCT4 itable divalent cations salts include,
e O B e s ST e poss.

with H50RlAsh B danpssdrapieifineticn pERi Yo ginehraoligisy) (chiapidei(Cl),

anditmonnld (Btjidanctcombinaians tRRpiplnERIalD SMNOHITENE 198s)

S RS SN PIPL 0 AT S s

arebWGE e S bat ardnoHiiite e THSE MiEs|aPESIHREDY, WESPSS DHbe,
20argat peteinippatuied from the affinity chromatography matrix.

The “equilibratidn buffer” herein is a buffer used to prepare the Fc binding
reagent, solid phase, or both, for loading of the source liquid containing the target
protein. The equilibration buffer is preferably isotonic and commonly has a pH in the
range from about 6 to about 8. The "loading buffer” is a buffer used to load the source

25 liquid containing the Fc region containing protein and impurities onto the solid phase to
which the Fc binding agent is immobilized. Often, the equilibration and loading buffers
are the same. The "elution buffer” is used to elute the Fec regioﬁ-containing protein from
the immobilized Fo binding agent. Preferably the elution buffer has a low pH and
thereby disrupts interactions between the Fe binding agent and the protein of interest.

30  Preferably, the low pH elution buffer has a pH in the range from about 2 to about 3,
most preferably in the range from about 3 to about 4. Bxamples of buffers that will
control the pH within this range include glycine, phosphate, acetats, citrate and

axnmomum buffers, as well as combinations of these. The preferred such buffers are
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1

A "buffer" is a substance which, by its presence in solution, increases the
amount of acid or alkali that must be added to cause unit change in pH. A
buffered solution 10 resists changes in pH by the action of its acid-base
conjugate components. Buffered solutions for use with biological reagents
aré¥§eresaiyséapable of maintaining a constant concentrationPgfT/US2066/023478
hydrogen ions such that the pH of the solution is within a physiological
range. The term "physiological pH" refers to the pH of mammalian blood
(i.e.cir @8 ord atstait mx@er@r,hu&appay&iatg?mm RS o$ galqm%&mz Bubors.
7.6. i ts.in e, hut are.not limited to, .
oA e £ O RS WA s Bobcbing 2 o
in pafifl LA IOBBITEIR sPRIIIEEIR astamoupfompaition esiins MECThE mM)
zwitferielnin@EGRedimBaifesssgee e.g., Good et at (1966) Biochemistry
5:467 and,g\po 1anddlza\/,\(a 97‘§£gpl\/ll,ethods-Enzymol. 24:62. Exemplary

uffers inclUde bt Afe Fot ed e TE dsidecnBhefeppasiogio bgd used
M OPS@WMRi@MiwﬂcBi@iNE:ﬁh&t&gwpﬁijaraﬁiﬁ mﬁuﬁa&';@%@@}r{? i?ﬁ@target
buff; t iadic ent, soli ase, or both, for
o e S5e R el e

buffSRSrEtratiyi i Ay iaa g eotnEmABerits sugHpheomangevitamolvent
aboerrdaration|tsf. esi gheadingiibdar: iseME6es VReHI00a0 NG SQEES mat

oS Ié%l' Qntaining the Fc region containing protein and impurities onto
the soli %h Seto %ﬁ?@%cfﬁ{ea%é’%}ﬁ%?n%“ﬁ&@ﬁ?m%ﬂized. Often, the

equilibratiGHleten badiigbidieien rdfthtsfimaeidie thakdibqubifier idssed to

usegiépahitanbese @9&%&%&%&%&9&?@%&%}1 the imﬁ??;;‘i}"ﬂé% 028 washed

binding agent. Preferably the elution buffer ha oW“’S_ and 'there y
disr‘ﬁﬁgﬁ RETAEAtE R KBS thEhe e itinmdigud ests inditheiototbirtatet substance

intere8to 80l Reedeiratibirtheravtyn H ghitioaibusieifadaRR il e taNY8ke

1470MB, 0043

20T HRER) L5

I %bagyt 3 rgogt‘pr%{e ab(I:y in the range from about 3 to
about 4. Exan‘?p €S of bulets that vﬁﬁercoorﬁ?gﬁlﬁﬁg%ﬁc\mm fire atiyy tigands or
incRRIOGH Sireihpirbpneaes thebraceaitditecaidioamireniaehufiersicason the

welas:aamaipalons:of thess, Theamisiered.auch huffers are -13 WO
20(*}9{/1%%3 § PCT/US2006/023478_ citrate and a%eta%g%t?a%fcgr%?nr%%ns?osed on the
erably

prefers B PSP TS ORI e G fispe ciatniies tatggonhaithrsfrom

aretonternplazebinctedin gbigls i bchrffafﬁdr@ 3.148 @ﬁgéta @M&&%ﬁﬁmﬂfdg
| .CO ayn I cO Iton sucn as
MgC12 (2 tgnm) %%%%ﬁﬁ%%tﬁe% prg%lerﬁlg%’#iﬁ eergglgn%?f%r to produce such
18s0c1ation.

"Cleaning liquid" or "cleaning buffer" refers herein to the liquid that is used to
wash the chromatography resin after the completion of the purification process. The

cleaning liquid may contain a detergent, a virus-inactivating agent, or relatively hi gh

25 coneentrations of saits, and may have a higher or lower pH than the liquids used during

30

the purification process. Its purpose is to decontaminate the chromato graphy resin to
render it ready for reuse. Typical cleaning liguids are well-known in the
chromatography art.

"Storage liquid" or "storage buffer" refers herein to the liquid in which the
chromatography resin is suspended between uses. Storage liquids, in addition to
buffering ions, may also contain microbicides or other preservatives. Such storage

liquids are well known in the chromato graphy art, -
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5 "Wash liquid" or "wash buffer" as used herein all refer herein to the liquid
used to carry away impurities from the chromatography resin to which is
bound the target- substance. More than one wash liquid can be employed -
sequentially, e.g., with the successive wash liquids having varying
proferiitéletich as pH, conductivity, solvent concentration, et€CHESH1#&33478
to dissociate and remove varying types of impurities that 10 are
non-specifically associated with the chromatography resin. "Elution liquid"

or "elution’BIREPUFERRes I ethainms afdiicpuiibthfentsres edttto dd iSs paiafgrihe protein
largstanpsiancdionmide camatauaph RsiRATeL LA RESRNRSGY

with. one or more w h liquids. The elution liquidacts to dissociate the
targ]é_]%ps%se ancaIvh ﬂﬁé’ﬁ%ﬁiﬁﬁ‘b%’f‘ K reRiarns eyplepwrstionrsbing the Fc
are birdiiegent imithe B6tkeh som_a%qm@lm&mdiagt Kaﬂiddlléﬂyobﬁé/@sﬁi%%move one or
SONGRRALALIANS; ity ligands gr analogs, or other .
substances thaftg %E)ﬁrg%}lg di I%gtpa%%r% o 9?5@@%&?@%%@8“?6?&%% agent.
chrSHERNG Ry dog aeent inelids huttsnsot difertsddpiiotss Aanditionsn G.

imposed orhiaetangpierlsianaarhoRe-COMARIFARAYIRS PR e sion

dissgeiate the target substance from the chromatography resin, suclt as
ac

the cont _|%8r8 & ST GEFLRISs BRI P RIARD HpHeesies include
withaAfBitoiguith graphytivep b (e kféinirp dhieensughatig SRBI 840 continuous,
16Cleanngdiouid” Ln," ' rrefers herein to, the liquid that is used

to wash the CSF%%%E?’%%%gﬁO& t'efrﬁtJ gxéiglrﬁ%ﬁ’e |8r%f§f9f HamRsTaphy step
protL e pRrLomned i disrortimaycenesis. s itesgim e aningsaihatclipatings.
agehtfioityelatiehs high 25 oo neniaignnalisaliv. ANdMRY Navaalighs"

or l?é’éf%e? O@a{}mﬂé Il%uds gd during the purification process. Its

purpose 1S 1o decon 3%.83?8%@%%@?88}%‘?%@&% sl for the
for 'Eéﬁ]@é smippicatnslesitimytmuifsaion weih& nopd dortpecshr OMBRGRPRY ires
18t hSlaraae JavidnohpRigraag Auiier et reingdo the.liguid in which
the 3(31 hromatograp?f;/%rgsin IS su%%{grﬁg%%gg\? 'é#cu%%s. tao%’zfgewg&mn
liquids! TR SRS B i oo e Aefip aliain o s mealeim) igronididesthr
othdispreisévuaiivemntiahestoirgsr 1o1tids afewalt KRR 8 very under mild

chr . -14 WO 2006/138553 PCT/US20061023478 In
e e B OB A bR L8] RSP which

proft Peaifife derme fegidnniropaciisg wrderiwithcadnpritinoutbdhpiotein
2(and one of fef@red binding agent is Protein A. Protein A binds the Fc region of

immunoglobulins. Protein A consists of six regions, five of which bind IgG. 1t binds
with high affinity to human IgGy, 1gG; and IgGs, as well as mouse 12Ga., 1gGoy, and
IgGs. Protein A binds with moderate affinity to human IgD, IgM, IgA and IgE as well
as mouse IgGy. As an affinity ligand, Protein A is immobilized to a matrix so that these
25  regions are free to bind. One molecule of immobilized Protein A can bind at least two
molecules of IgG. Native and recombinant versions of Protein A share similar
spectficity for the Fc region of IpG. Recombinant Protein A {rProtein A) can be
éngineered to include, for example, a C-terminal cysteine, and can be immobilized vig
- thioetser coupling to a solid phase matrix. Such coupling results in enhanced binding
30 capacity of the protein A.
An alternative binding agent is Protein G, Protein G is specific for IgG, binding
with high affinity for human IgG,, IgG,, 1gGs and IgGy, as well as mouse IgG) and IgGs.
Protein G PLUS has moderate affinity for human IgGy and mouse IgGy,, [pGyp, and IgGh.
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impurities by adsorbing the protein to an Fc binding agent, followed by
washing the Fc binding agent with a buffer solution containing a divalent
cation salt to remove one or 5 more impurities, and subsequently

recovering the protein from the Fe binding agent. Suitable Fe binding
ageREMARTIE but are not limited to, Protein A and Protein GPCE&2006/023478
present invention features processes for the purification of Fe region
containing proteins, for example, antibodies. Exemplary purification
pro&%ggg"i?ﬁ}wéﬂ% GfTRISIBRTD Pritbg rashpatsiio Teletaffisigibumin-binding
chroegatogfalpdvyatiterh eaeik CReRBHBIOMS ProfRitli sCORIRIO WS o 96 Binding regions.

combinatign of, both. For example, the affinity chromatography step ggn e
ol aﬁ"e&n%mﬁag%é@ ,Oé?iHHXé@; %Pt%%%,samwaﬂy-

performed as a discontinuo

pro&asserdinigiaih ithat acographihesl gisbirdingss GilbieTeletiMe SRS RN  otein

sndsupses t ound from an immobjlize )
Iigargz This%%%:gssﬁs% %ﬁ%ﬁ%&ﬁé@ﬁﬁﬁ%ﬁ%‘?ﬁc Ra e f’c‘?é‘n‘i‘b i ﬁfg“eftio"ﬁ"fem

of tRETAGETER FRPOEn Bt g frarins ren firetsinshad ity fitiorPostein G. Protein

appidPriatelyss el cipekBand @S, lalﬂdiﬂﬂr%@ﬁwtﬁm&ﬂ%bé%é%s of
tarq%&mgg&‘ne (e.g., Fc region containing protein) generally with a
dissociation constant in the range of 10 4 to 10-8, while permitting

recovery Hieteriieh hodsliteHdnihe fgandidagenepatticimmpkhitabr e a
1beqaeih e PO SNSRI P WRICH in.the form of a calumn packin
or l:éatchwise adgg%ti_on medium. %ﬁ,{%ﬁ%ﬁﬁ%‘gﬁ% G:asg%’ﬁ S eIgro ‘é‘?ﬁ%’t bean

A. BFSTERL iR thdoret bpdiioleimsBnisdiomndifte abveresimvad heistProtein
Iof siGegio mfmmeaﬁwhimmﬁimumuﬁowm; %@%ﬁaﬁg‘%’? ﬁ@agon of
e S e a, an . Protein
e B e R, T e R sndio oA Te
motETYEsIe AR L Bewk. £rSikkenaig 1B8N0bHize B io@/MBibiv SR
13hatiiierRASIRIILAS Brefiee EQJA%&Q%AHEL%%MJA&E@P%%@% the
and reco Ibll’]aﬂt

Proct'%in A cgntbin%\%ﬁ%?t two molecules of [gG. Nativ m
versiong of Protei LoSHReL Frofsin it QnF reteiR G §Sesgian Bligon ef af.
RetbirabioP Gheim A6FRIRBRIMGA).xan be engineered to include, for
example, 3 fa ' ine, and can.be jmmaobilized via thioetser, i
coupling to a %tgﬁég %%%?g?r’%eéﬁ%%%%ﬁ 5 m%ngr)é%c:l}ﬁ% s mostplein A) is
bind#eStitap 4Eiajeat aatm sktiveItinntetmnoativeririting Bgentidslar, it has
2(Pratein dischVaieine insnashic fnlo@eOinslingdvith Pé&ht%fﬁf@éxé%m
hurgln%olg}% %?szbl%% nd |gG4, as well as mouse IgGl and 1gG3.
Préten & PLOSRAS S SRS RS FhEHOg Sd ler hiatiisriGRah step.
|gG2b anthrgy@8hodsbof the present invention can optionally include purification steps

subsequent to the affinity chromatography and divalent cation wash step. Subsequent

purification steps can include an ion exchange chromatography step and/or a

- 25  hydrophobic interaction chromato graphy (HIC) step. Subsequent chromatography steps
can be continuous, discontinuous (e.g., such as a batch process), or a combination of
both. Ion exchange chromatography separates molecules based on differences between
the overall charge of the proteins. The target protein must have a charge opposite that of
the functional group attached to the resin in order to bind. For example, antibodies,

30  which generally have an overall positive charge, will bind well to cation exchangers,
which contain negatively charged functional groups. Because thig interaction is fonic,
binding must take place under low ionic conditions. Elution is achieved by mncreasing

the ionic strength to break up the fonic interaction, or by changing the pH of the protein.
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WO 2006/138553 PCT/US2006/023478 Recombinant protein G

(rProteinG) can be engineered to delete the albumin-binding region of the
native protein. Recombinant Protein G contains two Fe binding regions.

An alternative binding agent is Protein A/G. Protein A/G is a genetically-
enyth&¥fédi5rdtein that combines the 1gG binding profiles of HRA/Byatedf23478
A and Protein 5 G. It is a gene fusion product secreted from a
nonpathogenic form of Bacillus. Protein A/G contains four Fe binding
domains fréfAsPRStEIN X datizedufrortfRrepdintaicP rotéin ciui@eisaiprasipt-to

depRorethas Rirkeihdvibuliaieimisr-has e, aedity jes of .
Protein A and G. Pré%leinlA/ binds to all htt,lzr%%n I9G s%tgé?ﬁsas%g,ﬁc}%m properties

particaranf FERieabre SHPBLS0RTEEAER Tt BSIpratimbBIdritonEERImAisgmpups on the
antitguies Whosesuliclastebharededhhsanc seiesained1madgiiof céiumn. The

i | tent) lgD. Protei Iso binds
e e SRR P A e high
mo e IRTE FRSURSHIET Sistis aredursmelri snestisls s tiwithutfiiatenierepcean

fronnigic eiids aasomuEine e L ARUTHAA SRR £ A a/skBMAHAO8s, os
AmgQ Bnlgéa%gieLab 7, 42.) 15 Individual subclasses of mouse

monoclonals ¢an have a stronger affinity for the chimeric Protein A/G

than to eithevaFroteimiodinRootpieGo (Sgeracontdbliagsenah #.at 18883 or an
1®i0k & 4327 e bresent invention, the immobilized Fe

bindin ?gdgeﬁ%@% @%%5%%% LI% i%’vég lcé%%\{/}v%{rglg%git\t/% erﬁcclé |8‘?1t%ra‘ffg the Fo

solUfi %@ﬁéo S pkibs brfisarabuion donamimoehberaiscuiereaithayash

undhsilﬁakbliadmgugﬁiﬁ%lﬂf%iW@%ﬁr&%ﬁ&%@ﬂﬁﬁﬁ!ﬂﬁ@%ﬁcﬂ%?ﬁﬂ%mmphe,

eXp{%%r?il% rIT%ﬁnologjes can be removed using a divalent cation salt was
step. he j hSla%nofatﬁecﬁ?]&aém?ﬁ*?&ﬁ%ﬁaﬂﬁﬂg&ﬁmw (relydime LMW and
purfiB&ignsciesho{ Sutpmotpient totthetainitthcnmatogapyiand givaleNyuid),
1£ation washSteinsadls ificati an include ap ion .
B D e A omraphic

exchange chromatography step and/or &
chrB‘?%Y%é‘ﬁPa%ﬂgf‘a?f%‘ e faecrEiseteheatoota s tepternafobeparating
COMHimatis heh$eo il fiu @¢i5de (Oth SUEBBFra:BIAG B BPEESNIGRE B 2 source liquid.

comphinati f %oth. lon. ex hna}n chromatography separates molecules
baggtﬁ)%ﬂ%?&%rgnggg erlwlél;an ﬁ%gég %vletr%?f%ﬁg?gggﬁf’ﬁfg pratetiee mggessed to
tard@?ﬁY@Eﬁﬁlﬁ%&‘t_ ﬁdw afﬁﬁhpdéi@ppbsﬁewhattﬁfg the doinetiGioal gratiPthe

. 2@ttaehesdadhgrRSkLIERIAGIIq.H &%@ff@ﬂ%?&%ﬁ '&09{8%11‘%«:0 c\{a\{lhﬁ%hproduced

generallg have an overall positive charge, will bin .té cation
exchARGUETNHL I BRTRIASHEG SRRSOt Retitsid flirrctioriatoghsupiiture medium, If
Bethusmitthisisntexhcti inisaieficlarly, the particulate debris, either host cells or lysed

frag;nents, can be removed, for example, by centrifogation or ultrafiltration. Where the
protein is secreted into the medium, the recombinant host cells can be separated from the
25  cell culture medium, for example, by tangential flow filtration.

In various embodiments, the source liquid containing the target protein is
contacted with an Fc binding agent (preferably immobilized on a solid phase and
equilibrated with a suitable buffer) such that the target protein adsorbs to the Fe binding
agent (e.g., an immobilized Fc binding agent). The source liquid is contacted with the

30  Fcbinding agent (e.g., an immobilized Fe binding agent) in a loading buffer which may
be the same as the equilibration buffei‘. As the impurity-containing source liquid flows
through the solid phase, the target protein is adsorbed to the Fc bindin g agent and

various other impurities (such as host cell proteins, where the target protein is produced
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binding must take place under low ionic conditions. Elution is achieved by
increasing the ionic strength to break up the ionic interaction, or by

changing the pH of the protein. -16 WO 20061138553 = . _
PCT/US2006/023478 Whereas ion exchange chromatography relies o
thevohasgessexfproteins to isolate them, hydrophobic interactiopct/usz006/023478
chromatography uses the hydrophobic properties of some proteins.
Hydrophobic groups on the protein bind to hydrophilic groups on the

colimmmycEthetinane hysdsephatither proteis-isribeistngred mill-hinguia henind

col IC ste ves,.for example, host cell derived impurities,

o B A ol i acent i
spg%ﬁeﬁﬂﬁuﬁnéﬂmm@reﬁogtbp@’@mmmmmﬂamsmgmpﬁ{ass. Other
welbasirafitiaianandias diafitmlion siapsesiesarhsd El?%é%‘gé&gm sical

he./

arious embodiments, the Fc region containing protein is an anti

an PESANBEERF SN Brolfe FPRSRAE AR itcthe gromethetFismidb eytdhomeM and
recefptot BitheM-é:. dirdingva ot e usier 0§t aﬁ’ielf{ﬁa%gi?gggl geRtaining

ad lQn salt to w th inding, agent allows for greater
rem%%%%%%%tgg rﬁ% s% %ﬁ%ﬁggss : @i@#ﬁp@%%gﬁﬁ?%\gﬁ’géﬁams and
constant rEicelibpasailigeagphbms el fgel. Mvwhande) bRk sppaitds)s for
of thenpipieimetintesestdRgagthe B9elSHbSIANGE IR eSO eI sted wity

015 The methog%%i@e present invention comprise one or more

Y BarahdR Leat58s8 90 M ath foRseaR fiikaTerce e the column.
moke Yiitiatioenshedisifmts epeFabinglisgprateinsTavise an FReregiondidhea

(G RIS IATMRHETES A SOMEE YD F gL aXAmRIR e source
liquid may be filtered, centrifuged or otherwise processed to rem5§}%am
partiicfE G ns e mamiarEaseishlc s tiesoinoadiquitt fitled
20 hethdadingi@gent. For example, using recombinant techniques, proteins

an be produ .intracellularly, in the periplasnuc space, or secreted
15giregtly in?gﬁ%%%u gd’rlé BReit rﬁ?eﬁ WAEBTotalA RPpFsERNasTHEPkRiR Remaining a
thedeaitotifationeitis) withore lposttelisiantysedicl BeIMe M sheasTiBPhase or Fe

renBauel E%EQX%BA%J&M‘%PHAE%%H%&WA% fﬂgl?ﬁxon' V\Q}ergi\tfg ent cation salt

protein is secreted into the medium, the recombinant host CelS e
sepHISR SR EAR TR0 SNt e R BEL AR tRslcaixerestepbitiean Sontidically, it has
flowetiirdiioneid/ arousembatiments Jhe.s0u 16k laideaniaining Bents ana
tar retein.is contacted wjth an Fc.binding agent (preferably .

B O RE L ehrtpraioh Wi Somapiortomenalan
thatafren g sasho tlprentsorbestodh pro@inm i) and DNA also can be removed

using the divalent cation salt wash. In various embodiments, the divalent cation salt in

C

the wash solution contains a chaotropic salt. Examples of suitable chaotropic salts
include, but are not limited to, calcium chloride (CaCly), nickel chloride (NiClL,) and
25 magnesium chloride (MgCl;). While a single divalent cation salt can be present in the
wash solution, in various embodiments, two or more divalent cation salts can be used.
In various embodiments, wash solutions in addition to the divalent cation salt
containing wash solution are used to remove impurities. For example, in various
embodiments a 20 to 50 mM Tris, 0.75 to 2.0 M NaCl, pH 5.0-9.0 solution, and/or a 10
30 1M Trs, pH 7.5 solution are used to wash the Fc binding agent prior to, after, or both

prior to and after, washing Fc binding agent with the divalent cation salt containing wash

solution.
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agent (e.g., an immobilized Fe binding agent). The source liquid is

contacted with the 30 Fc binding agent (e.g., an immobilized Fe binding
agent) in a loading buffer which may be the-same as the equilibration -
buffer. As the impurity-containing source liquid flows through the solid
phA8eOthe Bifdet protein is adsorbed to the Fc binding agent 88/ VEBuRe3478
other impurities (such as host cell proteins, where the target protein is
produced -17 WO 20061138553 PCT/US2006/023478 in a recombinant
host cell, & BeFerprotedindstivé idhplomities)idowditsquefrayipintlied at a

norﬁ@@sﬁmﬂﬂ%m@éoi % the olu
coepis froen s o B T S8 i ne

EANSEHEQLEHON 2 (B ADARS a e Wﬁ@ﬁ@%émﬁéﬂ tbe esamipten about 7
BlStoHEcﬁaEg Rricferatphyriologionl 5fcltoaél @W@ﬂ%ﬂﬁﬁoﬁgaﬁt@%% C’l))ut are not
0 [, t a and. about m
T e s Dt oo o
gm’éflﬁém J1is o R FICH (erelime pbhérommBdh &6n Pheosidichphase is
preferablwanoaeﬁme “GinSeRheS %@%Qg@%?&&ﬁr%%c&?éréﬁnx‘%“Ob fizi

i
the Fc bindin nt..In various em odlments the column Is coated WIIE?

10 a rea&eﬁf3 u dsqigensly TehiR e sReGY Prigtp e patifte The target

adg@mwm fheczatupie). bémli%@%@%?&%%ﬁéﬁ%?ﬁ@ﬂ%g a low
tel t epnar ast olumn

e S B ot RS, B et B st

commercially available mersh
suitab @ BidkihA column for use in the featured methodologies. 15 The
Fc blndlnglagﬁﬂhlﬁeih%ﬂﬁ%ﬂ&e%wﬁ!i’g@t 9&&8&?%&%%@&94&&'9 GHainin a?{

ove proteln variant Species bound to the soll de

valent C%D saalt tot re(n
phgse or Fo bmding SHRRIE FATEr et Micdd AnEasioun digsavisdicmagtie or other
useuss Futivaléet eationadaitlesash step can remove a significant amount of

13indesiralgieJapUEtas, §ﬂ§§1&°ﬁﬂ¥ iR iscovered that intron
read-throu @?ﬂh variants, low mofecular \%/(g?g . rlgn LRARRfgon can be subjected to

und&fig R}E“ﬁﬁ‘ﬂ&éﬂs@@ﬁ ahes Ge & (té’llg@tlﬁgrmém danngogEnpby ethsig
a déxataple, eaampisg}tﬂﬁﬁféﬂ pioeevershnshralueratRins AHGE) A%, PNA,

als e chmOVEd u pe divalent cation salt wash. In various

embodiments, tﬁataﬁfa?eﬁt EatSITEARTRe ﬁ%%ﬁ?ﬁ?@?ﬁr%@@ﬁ?ﬁhﬁ% Jjteraction
ch&&?@tﬂ@%&hlz@lﬁbl dydbxyitabite dhantropiasalisiinel dﬁﬁhup are not

20imilediRt SRl RRIREHS LAGIH,A %@Lf@(ﬁv ¥enN ICl i,a Sxclusion

nesium c Ior de MgCl2). While a single t cato
or eché?ﬁl fography (SEC), ammommn sulphate precipitation, ethanol prempltanon reverse

phase HPLC (RP-HPLC), chromatofocusing, ultrafiltration, diafiliration, and gel
filtratton. In various embodiments, the F¢ binding agent chromatography step is

din a

followed by an anion exchange chromatography and a HIC step. In various

25  embodiments, the chromatography steps are further followed by a virus filtration step,
an ultrafiltration/diafiltration step, and a microbial contaminant filtration step. In
various embodiments, these additional purification steps may be conducted prior to the
Fe binding agent chromatography step, ¥n various aspects, the methods herein involve
purifying an Fe region-containing protein from impurities by Protein A chromatography.

30 In various embodiments, methods for purification of an Fc region containing
protein (the target protein) begin with adsorbing the target protein to an Fc binding agent
comprising Protein A immobilized on a solid phase, followed by washing the Fc binding

agent with a buffer solution containing a divalent cation salt to remove one or more
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wash solution, in various embodiments, two or more divalent cation salts
can be used. In various embodiments, wash solutions in addition to the
divalent cation salt containing wash solution are used to remove

impurities. For example, in various embodiments a 20 to 50 mM Tris, 0.75
to W OPRANAET  pH 5.0-9.0 solution, and/or a 10 30 mM Tris, phf E52006/023478

solution are used to wash the Fe binding agent prior to, after, or both prior
to and after, washing Fe binding agent with the divalent cation salt

contERHESRH 49 subRsaBPLLl SWOEEUbLIBeBHE RaThe/BROG6/A28ARELE a first

variduezepadiments, the divalent cation salt is preferably added at a
concentraflilo‘glaggltl\éveeg a([%%ut 0.5 M and about 2.5 M to a pH buffered
solution having a pr s THESHE R RBFHISHIAR B ¢eostsTtg uanwifr svhiegtiye the

a prHh ehientaragé tremioabouhah gochbout: GeRpkiset nancenitians Slihese
slivalent Gation. sl i 5 limjted to. 0.6 M, 2.0.M and 2.5

M. Suitable e O%%gfsleéﬂlgr?é?lﬂle?{%eﬁtaﬁg%g?’ﬁfﬁﬁ%ﬁl’t@?ﬁgh&target
acREBuRet ik adshde tiesein. s ed Berhmne idioanirgetvaered from the
washing thtepgh kol pe fatgal RiatRiRliFesoMerf e L8 FRARING. aion
age@r}n{%hgjliu% ki’fr&gg%chg&ve%ng a suitable elution buffer. The target
protein can, for exampie be &l (OIRRRSSOaR e MG HRneTsHmee resin with
buffehEvrgvasion L0 pHp eegovrr tiiderangpdbm abibsadstotRleu6: Brad,
1prefenrRalv-dihedR88 %JM&F@HB e L8309 e%’t?%ola .Vsﬁ %}Jnsﬁ&\é%xhﬂ%e first

embodiments, the target protein thus recovered can be formu

phafHTRLERRICARY b coppaid wikias aNan medioromsious sidyaostchat the
.theaap@miicmmﬂaeﬂlmﬁsgl@wmﬂmwb MAEGHIESh, ﬂ%ﬂﬂtf)jpfdﬁogved by
em , the elyted target.protein preparation can be subjected to
adcﬁi?c%r%?&é?‘iﬁ?:&a?ﬁlcﬁ:% s?éé%og? graﬁ%éj ?‘—H ‘binding agent chromatography
step. For IR xaRgsecieRedpraty, futber icrifiapionestopatinahsdabsihgaing the
1notshimieditRnem Dcﬁfi@b@%%é&% ' ange . . )
chromato ran%i;i];dropho ic inte%%%%%ﬁ%%%ﬁ%%?gﬁm teraction
QRO St U A AP e 5 BB o CheoRdsk paling e
(indudimgimmiokitizedmethl affinityuthiemataeramiyon 7@ eXWHtiQength which

chrmgggg@b}g%@ﬁﬁ: nium sulphate precipitation, ethanol .
precipitation, reverse %lﬁ%a%gga ok 5?*1311%5?6&‘1%&%{]673%%@1“ (typically

ultr iRt ERa MOt igaic fteattriom uanigbscsinboblitrenigetheotein
2(Fc hinding IBERSHHONE MMRALTRRDYHIEMIR third eluent pool. Alternatively, the second
eluent pool may be contacted with the HIC column in such a way that the target protein
does not adsorb, recovering the flow-through target protein as a third eluent pool.

In various embodiments, the purification process inclides one or more filtration
steps, for example, to remove viruses, concentrate and buffer the solution containing the
25 target protein, and to remove microbial contaminants.

In various embodiments, the present invention provides methods for the
purification of a protein having an Fe region from a source liquid comprising the protein
and one or more impurities where the impurities comprise one or more IRT variants. In
one embodiment, the methods provide for about a 2 to about a 20 fold reduction in IRT
30 variant levels from those in the source liquid. Preferably, IRT variant levels are reduced
by atleast 5 fold, and more preferably IRT variant levels are reduced by af least 10 fold.
For example, in a source liqﬁ_id (starting sample) having about 3-5% IRT antibody

variants (as a percentage of total species in the source liquid) IRT antibody variant
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followed by an anion exchange chromatography and a HIC step. In

various 25 embodiments, the chromatography steps are further followed

by a virus filtration step, "an ultrafiltration/diafiltration step, and a microbial
contaminant filtration step. In various embodiments, these additional.
pUtRCAEREps may be conducted prior to the Fe binding a§ER{US2006/023478
chromatography step. In various aspects, the methods herein involve

purifying an Fc region-containing protein from impurities by Protein A
chrSMSESFEPIRducRi fanbrig Bhisotionb At Ymdtodiste cpbrfiacos, BT
an Fedegigrdaeininiugen eieibsihadaras i aaisinh RegIR Wil AGSPHRING. man
the & g/eHg@otE}egH 5,3 chpin ing.agent comprising Protein A
immobiizEd oh a2 Solid phase, Tlowed: by wisHmebire kB emuifieptisgearta source
witHigubsbifte teopotionaton efnipgaio VRIEntGatio ars bt ¢ PO 0MRsARS Ar%, less
MOk c 8553 023478, impurities, and .
Subfséffﬁ’ﬁ?%é%%%%?ﬁ%%ﬁ%% S B K R Bl vous e
C

eluBRCRaEs REvab ERe SR B #@skirification process continues
with subjefetingishe cfirsé &Hians, ROpEs AN IRR SXRRANIE G AIBALAYBPIY by

contactﬁggﬁan0 ion ?xchaggle 5 resin with the first eluent pool such that

impuntea Aok SRS agme ah & THRYARER Bristee doBid sewatstimths protein
the#ssime Phuwrdiomsrgsprbteiricampeitacaveipdsions HendleMMW variants.

16hraHghd usOmHEs 2 Re cRmb ISR, RORL: IR Yaroys, %%%?Qﬁsﬂh%l%ﬁ ’{%He&ction in

ani(én exchange chromatography step further comprises washing

anioN Sk SREmdredsramhoss infdict Wesshasitu Rspfeeblic SV test Bevels are
portidneefl theaatiser el dasge v piefkdwhishweriddherRe.combinnd,, o
Witﬁ%&@ﬁ%%? d eluent pool. Alternatively, the first eluent pool may be
contacted with the anion exchange resin in such a way that the antibody
adsorbs, Enwﬁgzaﬁynmwmeéi@ﬂmwugmp@mﬂmmwm [0,0)3!
1waaﬂﬂmg@%ﬁéﬁtmsta%&géﬁégs@ﬁ%%ié@ﬂ%@%@ﬁ%ﬁﬁ}‘%@atn'hl%dy
eluent’ poo

purification process continues with subjecting the 15 secon _
to (TR SIS THES AP ORI o RB P Eeck st Rsmbadisients,
(he . gfpﬁ Mdrphméeﬁmeﬁ@aﬂgﬁﬂ%dedMWQ%]mﬂﬂlﬁ@ﬁ% 1_@§smag 98 1ess
y i on 0 yvitt fered yvash soluti with an ionic
stre%gﬁﬁgﬁrﬁéﬁ{%%g% 8’% z%ggéﬁlantll% ry%gf%réciﬁg’ ey Fg%éﬁ?aﬁé a source liquid
rectN SRRy P HrB e BromeiingBEatyrantimycan deicaioio: Deffehai 0N ian han
etraseihisyeanaaeh ledesabihedematprole a0 e BYdoRhoRiGe o

interaction r%sin on %_thi,r eluent pool. Alternatively, the seco
Speciesint 1quid.

e source
For example, in a source liquid (starting sample) having about 3-5% LMW
antibody variants (as a percentage of total species in the source liquid) LMW antibody
variant species can be reduced to about 0.3 to about 0.5 %. In various embodiments,

25 LMW varjant species are reduced to: less than 1 %o, less than 0.8%, less than 0.5 %, less
than 0.3 %, less than 0.2 %, and/or less than 0.1 %. Preferably, in the purification of a
source hiquid for the prcparatiqn of a protein, LMW variants are reduced to: less than 1
%, less than 0.8 %, less than 0.5 %, less than 0.3 %, less than 0.2 %, and/or less than 0.1
% as a percentage of total species in the source liquid.

30 In various embodiments, the present invention provides methods for the
purification of a protein having an Fe region from a source liquid comprising the protein
and one or more impurities where the impurities comprise one or more UDB variants.

In one embodiment, the methods provide for about a 2 to about a 20 fold reduction in
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eluent pool may be contacted with the HIC column in such a way that the
target protein does not adsorb, recovering the flow-through target protein

as a third eluent pool. In various embodiments, the purification process
includes one or more filtration steps, for example, to remove viruses,
coNCAtt*4té®3Hd buffer the solution containing the 25 target pP&ENS2886¢23478
to remove microbial contaminants. In various embodiments, the present
invention provides methods for the purification of a protein having an Fe
regioh B S antlsupkeng biose inghe wgiedipnadeiBrefimdbiy A Anarent levels are
|mmﬂﬁeﬁwﬁereemesImm,lﬁﬁ@&%ﬁ!ﬁ%@?W%Aﬁ&&%@?@%a&&&é‘&t
empe%d{qﬁpot{ the meth(_)ds provide for about a 2 to about a _20 fol

reduction’in ?QT 30 variant levels from those in the source liquid.

PreferablyidRFavarlarin levelsalabdicednpyaiira shbifgltbAnd (MPUDR

. variant | d by at.least 10 fold. F le,
B L O e b S ooy
varighidf 485 pridebedgduetddnaibepb £03s tn aheusdticinliquio)s RAbodiments,
antibnﬂ:yyuaambazgsv&@rza%é1&&5&%&3@%&%@9&{&2%42?13§P&%€T§o@%‘ﬂess

be {gdug;;dlto ou#‘g.?; tz about 0.5 %. In various embodiments, o
variant 3pacies ara reudt S5 demtitireheahs sHrihgaonakamrice liquid
0.5196 theguapranti@ 310% plessn AN D 2dananeéeedassithang 1h86.20%, less than
1P refesahlys i dhe gxrifigadl A e ,liguid.for the preparation of a -
protein, IRT variané aré%%ﬂu%}eg]%%%ss%ﬁgéﬁrfe% eaf%lg g thehPGTE Bt R gd total
- thafPEFSHR fBEEOHER 1Dy, less than 0.2 %, and/or less than 0.1 % as a
percentageiol, forahappticth ishecang it dRiasie)R.smbodinenis, yps
thea%%%(ant i{]ﬁ/a%@sti n rovides me‘fhods for the purification o_a%rﬁtg)ltein )
having arFe region frdm & soarc iAtliEPEBITiRdvg tHE phowith R aribody
or ff?é%@tmmessmhqepém Impriti O3 contprise.one dn meieul Miodiments,
13/ariaDts i Qs QRGN LeMEMAYS HVHGIRAPAUIAR 5 o, 1oss

about a 20 fold reduction in LMW variant levels from those in the sou

liqUTr e ABTS TR Vi trsrshare O rb iy cReefsahlidn shepiwidicatioh of a
moveuprefiepabifot frepaianslerelpatareduredBual deastdQdald (5% an 1

- liauid (stal ing about 20% |
canls o ssuh il Geng sl pveopion bR S T

antibody variants'(as a percentage o
UDB #ritibsastostiahiot sptestarlivesvathedarhid about 10% to about 2%.
20in various embodiments, UDB variant species are reduced to: less than

20%, less than 15%, less than 10%, less
Yoteins for use in the Purification Methods of the Invention

The protein having an Fc region to be purified according to the invention as
described herein is prepared using techniques which are well established in the art and

include, for example, synthetic techniques (such as recombinant techniques and peptide

25  synthesis or a combination of these techniques), or may be isolated from an endogenous

source of the protein. In certain embodiments of the invention, the protein héving an Fe
+ region is an anfigen-binding polypeptide, more preferably, an antibody. The antibody

can be, for example, a polyclonal antibody preparation, a monoclonal antibody, a
recombinant antibody, a chimeric antibody, a humanized antibody or a human antibody.

30  Techniques for the production of an antigen-binding polypeptide, and in particular,
antibodies, are described below. Alternatively, the protein haﬁug an Fc region can be a
modified form of an antibody, such as a bispecific antibody, an antibody conjugate or an

antibody fusion protein (e.g., an Fe fusion protein). Techniques for the production of
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than 5%, less than 2%, or less than 1%. Preferably, in the purification of a
source liquid for the preparation of a protein, UDB variants are reduced
to: less than 20%, less than 20 15%, less than 10%, less than 5%, less
than 2%, or less than 1 % as a percentage of total species in the source
lig\yie1 286 &%&tnple, in a source liquid (starting sample) havingP&B6URBLE0%3478
LMW antibody variants (as a percentage of total species in the source
liquid) LMW antibody variant species can be reduced to about 0.3 to
abdUtD Baklind fermrsas entibodivs endsibddyl Wsiaripmtspediesaséescribed
redweigeto: less than 1 %, less than 0.8%, less than 0.5 %, less than 0.3
%, less than 0.2 %, and/or less than 0.1 %. Preferably, in the purification
of a source liquid for the preparation of a protein, LMW variants are
redHebaltarlobsifhaled %, less than 0.8 %, less than 0.5 %, less than 0.3

%, less t %,.and/qr less than 0.1 a percentage of total species
éi)n the so?&%ﬁﬁ%%@gﬁ%\%ﬁgﬁs ee%??c%ﬁ?n%ﬁ%%ﬁ & R0 iBipot with an
proVAREIASSH éﬂﬁwwypgﬁnmmmmmmmg benf@itgidnyer time by
from.adguteshliaies CRRIAISING RERL9IRINLAR NG Al BAEVIRUITER S A

where the imd%ﬁr_éizties comprise one or more UDB variants. In one

emBodmhen HErshESEstad iapb teaptiBodysurlacptyseigected against the
reciatgivraifizel b RODEIA BBEESPEEAISLOOSARBATS SR BN and
dev mLHHa56,! liguid. Preferably, UDB variant levels are
: red%%glg? by at qué? \é}%‘%%?olﬁic? ??l%]rlél%erséfg&%{bﬁ %EL){ véngéer%fé\%?s? pguatography
redQcRRiasy the Faikadvotrsiexarareamteciiva sblateliguititstaitingfer
samhpie)dicaiog abeuhRpld WiRB é@é}{{b&ﬁg\éﬁﬁﬁﬁi’%@%@%%ﬁﬂ&% Wtibody-
e

total species in the source liguid) UDB antibody variant species can
ot i L TR R A e

spédickodies Fothtoslintbtedssairansatives shiibaid kb eedreiibani iy described
1§eS§yf!&aﬁh§°{&ld%§§s‘£%"F?9%d)%A$§% H%%‘!l&s%z;ﬁﬁéeé% o ﬂ‘r&@v% Sl (1981) J

purification of a source liquid for the preparatio a protein

vanZAtesfe iRt a6dP1ReE thah SE930)dsBiHaf o 159% ARRS: Rhareh 0Ve/.
lesElitTan 5% a8, thai 2%, D5less:toan P0a8 KRESCENEAISTHAl cuncer

spegissdn,the source liquid,. Alsq, far example, in a source liquid (starting
sa%%%%é%g\;ingegboeﬁrg%%%ﬂb% C%ﬁﬁ%c&o%%afﬁg’%d&éré% Ehdr et al.

tot&l-SpBeie MotfedeBuldde liquid) UDB antibody variant species can be
zoreduced to about 0.3 to about 0.5 %. In various embodiments,

" Monoclonal Antibodies

Any of the many well known protocols used for fusing lymphocytes and
immortalized cell lines can be applied for the purpose of generating a monoclonal
antibody (see, for example, G. Galfre ef al. (1977) Nature 266:55052; Gefter ef al.

25 Somatic Cell Genet., cited supra; Lemer, Yale J. Biol. Med., cited supra; Kenneth,
Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will
appreciate that there are many variations of such methods which also v.vc.mld be useful.
Typically, the immortal cell line (for example, a myeloma cell line} is derived from the
seme mammalian species as the lymphocytes. For example, murine hybridomas can be

30 made by fusing Iymphocytes from a mouse immunized with an immuno genic
preparation of the present invention with an immortalized mouse cell line. Preferred
immortal cel] lines are mouse myeloma cell lines that are sensitive to culture medium

containing hypoxanthine, aminopterin and thymidine ("HAT medinm"). Anyofa
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15 UDB variant species are reduced to: less than 1 %, less than 0.8%,
less than 0.5 %, less than 0.3 %, less than 0.2 %, and/or less than 0.1 %.
Preferably, in the purification-of a source liquid for the preparation ofa- . -

protein, UDB variants are reduced to: less than | %, less than 0.8 %, less
thi? B9 4ESs than 0.3 %, less than 0.2 %, and/or less thankS 1/ U53046/423478

percentage of total species in the source liquid. 20 Proteins for use in the
Purification Methods of the Invention The protein having an Fc region to
be PURRsE BTG t6lthiashornborsed agleferibe ddmersinciopiep aratindard

using:eciirigesbighane: welkesiablishad i the AL @8sh oiidR, for; 4
exam elle s;}/ﬂltlhetlsf tgscehnl% c()as ( uch as recomblnant techniques and
B S B RS o Hable e RhTES), IBYHW&VméIAT~

peptide 25 synthiesi
isol¥edtfromanscansidgaacelis souficedithemeipisndayeartaiig polyethylene
smbgdiments®) theyyeni ein.having an Fe regionisan .
ant%gé%]_-b?ndingf)po‘l pep%ﬂe&), Qrﬁggge%{%fpegrrggﬁ {gfg %1&?80%?/. é;ejﬁ‘ﬁ%%ﬁ'i}ng HAT

carfI5EBp pich Sills 3nfbrvd prirentadediy e faedtiove lamonbelonfised
antipbaicitesatio BTNV AN URANNCARB RS i&@m&‘&ﬂmaﬂ%ﬁgdoma cells

antibrggé( ora %Jargarll{)%gib%%y. 30 Techniques for the production of an
antlgen-binding polypeptiae, 3%%}%%}%‘6%3?}1 Fflsbeied byrectrsaimbe
belbyprifhernetivelysuherprotdsfdvavhig dinsRRadgion caRdieriM0dified standard
1dormrgkamaatibody, such as a bispecific antibody, an antibody conjugate
or an antibody fusion protein (e.g., an Fe fusion protein). Techniques for
the production of -22 WO 2006/138553 PCT/U52006/023478 such
moRidted:borms Hf:atitredies and antibody fusion proteins also are
described helow P]%I%)clonal Antibo ies? Polyclonal antibodies can be

TmmURIZING & SUrABIE S IR HHRC rHtmBYRHoms »

prepared by Immunizi
antibeRar e rriitedrraubizdansidioiboitimnlive dbynitoratng er:titeh ynt
1 Slapdanth s GHSSn SHH AR WHLHEP ' Immyngsorbent, .
(ELISA) using ir%%ﬂobnized ta?get%%&g?%%‘é@%%a %‘rﬁfﬁ%&;}‘b’f@

assal
mo el)éb oG TRer L S hetehie selg bahngebraslansthihesniiitdind the
matargrakingcex iy iroma thie dlaoedraadnb hidb alsplariirBumugll

knQwn iechm : rotein harose chromatography to
ob?ain thg%%fﬁé%qﬁi}, orl@ier%g?l lj’g%?sﬁ‘g%aﬁfa SREBBIBLHAIE i REDODy

aftéViftniAPaaeN- foF-84eiriPlean iten e anticaiuigetPatitiegy Dieskarer,

20highgstloaMi0dys12). Additionally, examples of methods and reagents particularly
amenable for use in generating and screening autibody display library can be found in,
for example, Ladner e al. U.S. Patent No. 3,223,409; Kang et al. PCT International
Publication No. WO 92/18619; Dower et al. PCT International Publication No. WO

| 91/17271; Winter et al. PCT International Publication WO 92/20791; Markland et al.

25 PCT International Publication No. WO 92/15679; Breitling ez al. PCT International
Publication WO 93/0128 8; McCafferty et al. PCT International Publication No. WO
92{0104’?; Garrard et al. PCT International Publication No, WO 92/ 09690; Ladner ef al.
PCT International Publication No. WO 90/02809; Fichs et al. (1991) Bio/Technology
9:1370-1372; Hay et al. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al, (1989)

30 Science 246:1275-1281; Griffiths et al, (1993) EMBO J 12:725-734; Hawkins ef al
(1992} J. Mol. Biol. 226:889-896; Clarkson ef al. (1991) Narure 352:624-628; Gram et
al. (1992) Proc. Natl. Acad. Sci. USA 89:3576-3580; Garrad et al, (1991)
Bio/Technology 9:1373-1377; Hoogenboom et ral. (1991) Nuc. Acid Res. 19:4133-4137,
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producing cells can be obtained from the subject and used to prepare

monoclonal antibodies by standard techniques, such as the hybridoma
- technique originally described-15 by Kohler-and Milstein (1975) Nature

256:495-497) (see also, Brown et at (1981) J. Immunol. 127:539-46;

Bro i Wd873980) J. Biol. Chem .255:4980-83; Yeh et at (1976Y PHig6/023478

Natl. Acad. Set USA 76:2927-31; and Yeh et at (1982) bzt. J. Cancer

29:269-75). For the preparation of chimeric polyclonal antibodies, see

BueBRIBH & (198 I P2itein 6. 6cad05ai FISABMDIECTO82] AntiblodisseAny: of

of thidnmany avell Jazessp.psatocols used for fusing lymphocytes and

immortalized cell lines can be applied for the purpose of generating a

monoclonal antibody (see, for example, G. Galfre et at (1977) Nature

imedc GeltBretarab4B8obediie Cell Genet., cited supra; Lerner, Yale

. Biol. Me i X th...Manaoclonal Antibodies, cited supra).
ﬁ/loreover %ﬁgﬁé%%%ﬂﬁé@gﬁlﬂeﬂ(?ﬂ \?vglrjl?{eyl?%\ll?ﬁ’ %\%npl?réscf S A eremarisrthny
variZERS et GrHbRbtRGeT RN AR hrouid &l uoefrmy pintiliyisich can be
imniostahaall adion ecmpie.d PNRIQNRLRLING) 15 derved figm e
same g}l%rgnmallan species as the lymphocytes. For example, murine
hybrlchmas'can be 30 made by fusing lymphocytes from a mouse

immunized'witerari imnauired énioupsephation Ofihe MIEsE B AR IAIL an
18N RMeAIZediNgus! line. :Preferred. immortal cell.lines are mause,
myeloma%ell lines th a?ﬁg@%ﬁé@%sgﬁ%% %lgﬁbuﬁnan%:zc?ﬁi oglobulin or
hy PSR i Hihofisiart aneiwmpamRTEligi AT heryglicimis). APlye ofn-2Bmanized
WG B00646bR8RA3 &QE’MS’:’KWQ@ %%&w%ngf {%é{’e!imﬂéh _gglugz%es

can s.a fusion partner according to standard techniques, for
e B e e g Fiapio e s o s
line§tmieaglabislormatibrdy sheinvailablighon KeEGGhTPieayetVéT) having a
15ensitiMBINeHSE NEIRMNA-C8 Quse splenocytes usin
polyethylen g? lycol (",PEG")%[%%%%%%&?&IF&%%%ES %%aiﬁ'e ﬁjg%ﬁmnan
are%‘@% gf@é B%ﬁ&@%%éﬂ%ﬁ%ﬁ%ﬁ@ﬂ%ﬂgt@mmraﬂhm (CDRs) (for

unprouydtivelicissad CPRloma-ealy (wafosae, spienaexies fiaaflefprs)
severidh dans PEERAUSE By are not tran fﬁrmedg. Hybridoma cells
producing a monoclonal an iBody o1 The YERE e ddirtiypr includes
screRhitg #ie My bitasrampiitereat perratanist iogaatirgdienthbtRiT iR the case
20targehaptgemissing ssiandarsh: regions in the case of a heavy chain). The term
“humanized variable region” (for example, “humanized light chain variable region” or

“humanized heavy chain variable region”) refers to a variable region that includes a

variable framework region substantially from a human immunoglobulin or antibody and
complementarity determining regions (CDRs) substantially from a non-human
25 immumoglobulin or antibody.

The phrase “substantially from a human immunoglobulin or antibody” or
“substantially human” means that, when aligned to a human immunoglobulin or
antibody amino sequence for comparison purposes, the region shares at least 80-90%,
90-95%, or 95-99% identity (i.e., local sequence identity) with the human framework or

30  constant region sequence, allowing, for example, for conservatix}e substitutions,
consensus sequence substitations, germline substitutions, backmutations, and the like.
The miroduction of conservative substitutions, consensus sequence substitutions,

germline substitutions, backmutations, and the like, is often referred to as “optimization”

25



10 ELISA assay. Recombinant Antibodies Alternative to preparing
monoclonal antibody-secreting hybridomas, a monoclonal antibody can

- be identified and isolated by screening a recombinant 15 combinatorial

W

immunoglobulin library (for example, an antibody phage display library)

witP 2%/ g8EEtigen to thereby isolate immunoglobulin libraryPéEhfBeE023478
that bind the target antigen. Kits for generating and screening phage

display libraries are commercially available (for example, the Pharmacia
ReEbABIREAIPhagidadtioipicy SterphGatdloptntialyF4a0 Oigraheiie
Straiagenp SylZ ARHIREroaDSlaYKil 20 GalRlogN]. 249612

Adgitiona#%l, §x mples of methods and reagents particularly ame éaéjle for
use T JRRErING iRt sAearrti ROt R bR irafordis belteuna-H5%,
forrexenpptésrilsiglBivat L) BoR alegtiohl tichizaBid @i KENF-BURRLRE Jrganism, for
Internatignal Bukligation No. WO 92/18619; Dower et al. PCT
Internatlon’alr'lg,llJ!I_lb%u(f%L%i%}r:?:ﬁ?él.1 O 91/17271; Winter et at PCT
InternatioftsFPdisedatidhresiono o zesiduesManiamdiitelt iBFREElobulin or

IntenmatianalrhlisationMNoWen9 2o BLRHH] R
: g0 8 oo

International Publication WO 93/0 ;
IS RAHENa BOBReR g RS PSP GBIBEOAF RS T AFEiWieB O PP or more native
IntémziomahPadgicatlonsimeti. IPHO 2GR0 dretRgs sl rESh” or “corresponding

LR 0 B A0 S oride sequence

Bio/Technology 9:13 ay eta U ARTiBoY:
HyBASS RS thssame G o pali (21980 P0IBT en eae2it: DR TSIARB4: a first amino
Grﬁﬁi@sﬁmtd&a&?s)a@&ﬁ@&hkﬁ%%%F@ﬁ&*@%ﬂﬁ%&éléﬁcé}%%ﬁ graugned
Bigl. 226:832?3-8{?6' C(I)arkson et at (1991) Nature 352:624-628; Gram et at

(1982 BIBE AR UREH Sci. USA 89:3576-3580; Garrad et at (1991)
Bio/Techidlotyynd! $ZAHid87 ichitiy] enbaonhetad GPHpNucs Al R Svhen

IS 8 S NN B ]

NI ¢ 6%56) 808 Esamncrlmidye napfalinelprsoAToBosiaschos identity,
Additionatieripiombinant 80tbadiessuehas CHRCHE RS KU RIZEs 90y,

m ntibodies, comprising both. human and non-human portions,
e e S B ey e ven
withirremeciuaply off ltast a¥estionnce identity or more (for example, 99% sequence

20 identity or more). The term “substantial identity”’ means that two polypeptide

25

30

sequences, when optimally aligned, such as by the programs GAP or BESTFIT using
default gap weights, share at least 80-90% se(juence identity, preferably at least 90-95%
sequence identity, and more preferably at least 95% sequence identity or more (for
example, 99% sequence identity or more). For sequence comparison, typically one
sequence acts as a reference sequence, to which‘ test sequences are compared. When
using a sequence comparison algorithm, test and reference sequences are input into a
computer, subsequence goordinates are designated, if necessary, and seqﬁence algorithm
program parameters are designated. The sequence comparison algoxithm then calculates
the percent sequence identity for the test sequence(s) relative to the reference sequence,
based on the designated program parameters.

Optimal alignment of sequences for comparison can be conducted, for example,
by the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981),
by the homology alignment algorithm of Needleman & Wunsch, J. Mol Biol. 48:443
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The term "humanized immunoglobulin” or "humanized antibody" refers to

an 10 immunoglobulin or antibody that includes at least one humanized
immunoglobulin or antibody chain (i.e., at least one humanized light or

heavy chain). The term "humanized immunoglobulin chain" or
"hiiatledeBzRdtibody chain” (i.e., a "humanized immunoglob®iiTiigato6/023478
chain” or "humanized immunoglobulin heavy chain”) refers to an
immmnoglobulin or antibody chain (i. e., a light or heavy chain,

resptilely) thawirgch 6 siailatite redion dhatingiudesipuvalj@le. Nat'l dead. Sci.

fra kgl stanti .human_immunaglobulin or anti
L o R el R,
onPEDR e rily HbTESRE mdhe PrsrorsinimeiCoRw)re Package,
subGtmstisd!C diapuie:EodRLET RIS HBREY DRIV L VRUBOGY v RS on (see
gnclugn%%ﬁogst&%t L%%(zn'sv“%)r efgampli, at least one_constant region or

porfion theréor in tha case 2076t X HSRECRA s HPidaehs B e of
in thlzeadendhat Feaitpldh &injleBheitergpéhemasizencyadiakily segiequdics

e oumRnzeddi i L ion” or " anize i
cﬁzéiﬁﬁ\lllgﬁ;%e regior%d"rﬁegfh;grssﬁ %@&?ﬂ%@%ﬁ%ﬁ% W%:nﬁl(ljpeeé‘g’\gg%}a%lg iol. .

framewotk Yegibh SeBamdaperormne Biaaf Trambneviopdticoraniidehrough
andheNﬂﬁﬂ?%iﬂéMad%ﬁ@féﬁﬁﬂBlgsembmd ﬁgrﬁﬁﬁhﬁﬁi@ﬁﬁeé?lb{ef Eﬁfﬁhgh the
0] .Jnunu .antibody. The phrase "substantially
L o i ety Fegge e
meBHETRARTS IR R alipd del nerfathutnasequemenaghplatiionosl thndiodisiadsiing
seqiensedey GAMRAHSARRUERY ieg e ! 01'-90%’ e
90.-D55%  or o6 a00t identity i.e.?ﬁ%%é%%%%g%é%t%%ﬁﬁ%%ﬁ%ﬁs s as
frafanoncor 36 EBREER Péé-dw gRfirenion, Gl 2ot BIAPIEINE2 scoring
conseinaee BiehititftidienikoffiSEASL /52 QML 8 SUDSHIQNS] gg@gﬁj}g
ubstituti ions,.and the.like. The. introduction of ] )
lionservaﬁgfng%%%%%%ﬁg? 8%1?(3)8%% scl}slélfq%%%tcléeé’l%%ﬁffgﬁ%f ORI}y amino.
SUBSHROBEHE S sBR TIPS cs o dhesi i gswiteracile srbdiintams as conservative

“opéinisRlinReEN Sh2RA0RIIRE SR R A SAANA] i |
hum niﬁggs?_nltibody or.chain The%éﬁré%e "s%bstant%%%%flrgjngﬂg(goph{’bm

nor haman iRty Sbifth SP-aifissaye o el duiaphiisrdeshains): cys,
memsmcar@ammmmw;sigmwmrafamt@l?ﬂ%@ﬁ u;%g@sgtg/ﬂ@%h%%%%%m, gln,
Y A TR B S, T e v
matFREitic side chains): trp, tyr, phe. Conservative substitutions involve substitutions
between amino acids in the same class. Non-conservative substitulions constitute -
exchanging a member of one of these classes for a member of another.,
Preferably, humanized immunoglobulins or antibodies bind antigen with an
25  affinity that is within a factor of three, four, or five of that of the corresponding non-
humanized antibody. For example, if the nonhumanized antibody has a binding affinity
of 10” M, humanized antibodies will have a binding affinity of at least 3 x 10° M, 4 x
10°® M, 5x10° M, or10° M. An imnmunoglobulin chain is said to “direct antigen
binding” when it confers upon an intact immunoglobulin or antibody (or antigen binding
30 fragment thereof) a specific binding property or binding affinity. A mutation (for
example, a backmutation) is said to substantially affect the ability of a heavy or light
‘ chain to direct antigen binding if it affects (for example, decreases) the binding affinity
of an intact immunoglobulin or antibody (or antigen binding fragment thereof)
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Accordingly, all regions or residues of a humanized immunoglobulin or
antibody, or of a humanized immunoglobulin or antibody chain, except the
CDRs, are substantially identical to the corresponding regions or residues
of one or more native human immunoglobulin sequences. The term

"cOrPPBRtgG region” or "corresponding 10 residue” refers t& GIYEGHEHFEP3478
residue on a second amino acid or nucleotide sequence which occupies

the same_(i.e., equivalent) position as a region or residue on a first amino
aciPOPPREREcHb Bt Bhed esshasnonder fifsnaguitsd e onohseredienibescdite antibody
optitastiatgnediipreRmBanagRRIPRSESnENE Eam;%mﬂgﬁﬁ%%mg%{a
meanﬁﬁtgg& tﬂgﬁppﬁéﬁg&pﬁde sequences, when 15 optimally aligned, sﬁc -
as by the programe o BeSHisn i Herh (ot s Hesteated fheability
|eastﬂmlﬁ@%oscéupspemégidﬁﬁﬁ@m@rﬁrarmmtf&a@te@%;@&@@%%ﬁﬁ@binding
lenty.- r rably ) -70-80% sequence. identity, mare '
Ere?é%ﬁtl)ty _gf%éggs%tugq-%% é’ériaeozi%tlelIrll ce %@nﬁgkj{éﬁ/aérhhﬁ? 8r%nb54’8\%%§§1§}63f thereof)
leaOWTGER% Ssid e & Yoavie fagien efiteie, thuoe préferatiifattofhstBtBody (or

sequenes Hﬂﬁﬂﬂ@’fﬁ@ﬂ‘ﬂ&fﬂﬁ@%&)@dﬂ@l@mg@ P2l §&ﬂV§f&ﬁ€cﬁ%ﬁ%&§% 9Lid mutation.

more). Th%[e m "supstantial identity” means that two polypeptide )
sequences, WHah CPHTREL  ZIGHes W a3y hedy bR mpgpoglobulin
BE ST#itibadinghakefearinhrpogeighisrisharennt RestRo:Q0%ISPRI4e R68stant
: . om0 ; :

Iiﬂe@%yorﬁ @Jﬁ&@%ﬁ%‘ ?&%tnagp%aég %ﬁ]%%gplg?iﬁgg{%gfo% ng}n gf;z?ngg%ies can be

preferably at least 95% sequence identity or more examp

seqtERERcad R o R by, Toedeehairssina foarizomutytailingme Segments
secpinggnactsdtiRertipante saduensehiR L BRLERIHENEES A ®humanized

corggglge&l.,\Nhen usin equence comparison algorithm, testand_
referengey;eaéﬁ gﬁ%lgseg%g% r?% %ﬁﬂ%’ P& FrepRQeloRstine eusvihadies 2

aredtfispgriated , #hvvabdonyasizel Sequisngobignsthranfibogikante chimeric in their
1parasnaiarac & designaied Ehe SegHans rison algorithm thep .
calc%!fl}t.es the%percent seq.a‘aegrh;ﬁéé identity %%%t%e%?%%:a%eongé?%?%lgﬁ gnclude

to tAE1RIBPLHEL s dhentati e seisasssmnaisiagideranEipRogréidnes and acceptor

parémmetersk @pidna) atgruenin seeue MEARHOEBMIRASAMERIBE as defined
congygted, for example, by the local homology algorithm of Smith &
Waterman, Adv. Appl. Math. 2:482 (1981), by the homology alignment
algorithm Bickiebmervand ol BotoloBibintBoddd <26 Mfoduced by

@0 / h for similasity ., . .
S A S S s
(1

TS A (R RHRsAtaRdNR BRALES(G Ak &Py /. Buropean

Patent Application 184,187; Taniguchi, M., European Patent Application 171,496;
Morrison ef al. European Patent Application 173,494; Neuberger et al. PCT
Intemnational Publication No. WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567;

25  Cabilly et al. European Patent Application 125,023; Better ef al. (1988) Science
240:1041-1043; Lin et al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu ef al.
(1987) J. Immunol. 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci, USA
84:214-218; Nishimura ef al. (1987) Canc. Res. 47:999-1005 ; Wood ef al. (1985) Nature
314:446-449; and Shaw ef al. (1988) J. Natl. Cancer Inst, 80:1553-1559); Morrison, S.

30 L. (1985) Science 229:1202-1207; Oi et al. (1986) BioTechniques 4:214; Winter U.S.
Patent 5,225,539; Jones ef al. (1986) Nature 321:552-525; Verhoeyan et al. (1988)
Science 239:1534; and Beidler ef al. (1988) J. Bnmunol. 141:4053-4060.
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BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or
by visual inspection (see 5 generally Ausubel et at, Current Protocols in
Molecular Biology). One example of algorithm that is suitable for '
de¥ratithiiéppércent sequence identity and sequence  similarityGa/t$@006/023478
BLAST algorithm, which is described in Altschul et al., J. Mol. Biol.
215:403 (1990). Software for performing BLAST analyses is publicly

Heblie gidietyeoatianat Geatian fol Bistdehnel gaylaformation
( cly aggessibleih E@%Uﬂﬁé@iﬂ@%&%@h&%@%ﬁ%ﬂcﬁ% s’\i 25 Ixample,
internet server). Typically, default program parametérs can be u edt6
perfOHRPHE ST ERAERle CHD HHEBRIZRNBUYTPEBieing 20d [saparivitees loanan
alsoxbiébudied irFibe almvinceadidniRgLRREeMNABIABTILRIAMANR. UGS Rsnple, it

ef rdlen f 3, an expectatjon (E) of 10, and the o
e B S b By ety v joning
Set¢¥oA G0} 20515 ¢hiBgj). 46! Resfetmbpuesidueesilinns whiph@ighition of
deruialehies s SREiR AMnm AT SHPRIMIODS L oL OUIROSS S Of i
class%glg%%mmo acids substitutions as conservative “or nonconservative,
amifd &It EGPRTALS TRbHsmisrap Ay dro prrstieiosldddnaims pntibodies
lea,upret xat@enahalmgiies t2{ Gupdht 4apinal dIareRilics Sites 68N 1 §¥S08; and

1§er,5t,l%'0q59yp [l (acidic side chains): asp, glu; Group IV (basic side -
chains): asn, gln, 20 his, lys, arg; Group V (residues influencing chain
orientatior i§f\rupier axb@ietipay pifatordativesitlohdins):dinpldy titphees

ConsriussubsitfiansinyRivesRsttions Heesn A ?ﬁoﬁ%ﬁ%ﬁ.ﬂ'}:zzzss -
the §%{T<f9$l§.isc on-conservative SUbStltUtlonS constitute exc anging a
ero e

mem B Pofyslonakaptiborish iy dtobrothbinpidraraphpge display

huniériviesi(Busebinneiabuliiss Patamtibedigehind antigen with an 25 affinity
1that is within a factor of three, four, or five of that of the corresponding

non- humanized antibody. For example, if the nonhumanized antibody has

a bingHyg At g ripadp horidearaibodies will have a binding

gffinity of Bisllﬁ:_%ﬂﬁ itibd é&’l(}ﬁsi&bltpm% %tlgc?&jeg'tﬁa%a?}% %Ql&tlg 'sﬁgl’ cities for at

im é%lgtot%lrgla%{lg\m%lgglntls sall(rj?to “direct antigen binding" when It confers
upon an Intact immARogIob Ul ‘?Btaﬁﬂli’%we&‘rtﬁrﬂ%@ﬁm%@ngm antibodies
f]rcag?m@ﬁibm%fréeg)@rspéﬁﬂiﬁmiatn;ila@@W@%%ib&%ﬁg?tﬁglty&ﬁﬁ@gﬁ?ﬁahng

Op By iQn) § id to-substantia ctt jlit a

2($1ea})\zy or,Iig%%%%%%?&%rﬁiggngén |%Qg§}f) ﬁ%ﬁé%c Sl 81551%“?3?5@%
dedTRREHES Adtstianis asrd gn Srogemacasiomed fog ivbolinagtcntib deyviorhain-
antigghn dhridipgrifagment énekeehhing have different specificities (Millstein et al.,

Nature, 305:537-539 (1983)). Because of the random assortment of immunoglobulin .

heavy and light chains, these hybridomas (quadromas) produce a potential mixture of
25 different antibody molecules (see, WO 93/08829 and in Traunecker et al,EMBO .,
10:3655-3659 (1991)). |
| Bispecific antibodies also include cross-linked or “heteroconjugate” antibodies. For
example, one of the antibodies in the heteraconjugate can be coupled to avidin, the other to
biotin or other payload. Heteroconjugate antibodies may be made using any convenient
30 cross-linking methods. Suitable cross-linking agents are well known in the art, and are
disclosed in U.S. Pat. No. 4,676,980, along with a number of cross-linking techniques.
In yet another embodirment, the antibody can beconjugated, chemically or

genetically, to a payload such as a reactive, detectable, or functional moiety, for
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WO 2006/138553 PCT/U52006/023478 comprising said chain by at least

an order of magnitude compared to that of the antibody (or antigen

binding fragment thereof) comprising an equivalent chain lacking said

mutation. A mutation "does not substantially affect (for example,

de¥feage) s hbility of a chain to direct antigen binding" if it AL 06023478

example, decreases) the binding 5 affinity of an intact immunoglobulin or

antibody (or antigen binding fragment thereof) comprising said chain by

onlyEfaiis eo frwuthess orifedact thahtbtidy entibady, (Sicaptgends include, for

bindig S RYMAIIBIRA) AORALSIG AR Y AN EhAD AT B orc e
ati chimeric immunoglobulin™ or antlf)c?gy’ refers to an

mutation. The term "
imni‘ﬂﬁgé‘lgb@ﬁ%r antibody whose variable regions derive from a first
species and whose constant 10 regions derive from a second species.

§3h|m§{b% %)npuglggggggglms or antibodies can be constructed, for example

by genetic engln.eerlngfrﬁom immunoglobulin gene segments belonging
to differenfdpetsiediaving terhes¢piomanized imiheinogltutiag @ a fusion protein

"humanigediaAntRachafe (?&ttigﬁe&%daﬁ%ﬁh?pﬂkgﬁ% & émgnril%bod%/ JBrotein or

immu oglobulins or antibodies, as defined infra. Although humani

imrRanSgRbIinsrarRb dhed sreepmsanbaiusditorslicend fucitdgter,such that

co r(;}épdhéllm@m' MO froe s f_eié\laﬂrtm_% SReAlRsAHRIGIRIRe U%eggepﬁﬁ%%m has Fo-
16’:\ I .e.,.variaple reglon *com rSl onor resiaues
and a{%%gé%?{%la%;éﬁv%rs resl usetégg%f’?acurne&gﬁ%%?ﬂ & thibnBETbulins

or dHiitfBeizshadadnneioneraihe Suweh toHimenitraapiiihudamizeds a receptor such

moneelopalBRiasiescam herigdyaed iQ%%»%ﬁQQ@iBHlﬂOEhB d for the

techniques l%own in the art, for example using methods described in
ROBREBT e AR RO R M AT RE A NEC P/ U Sty sl Bnpons.
EurbpearlipitirenixApplicatiaril & s baniguahisMarkieepp 6aaHRa ) hich
p 'gﬂ}]% : , rrison et at Eurgpean Patent Application 173,494,

13Qeﬁ%erger Ségé}t?%%?ﬁflr?%r}gaaﬁghé? gﬂ"ﬁﬁga Toip (I@(T)g BEg 3eqsRighfised to
et dhtE'S prieshe Niemarstes 56 A @atilijcetaoEnsapBandRaiento in the art as Fe
Applisationola 028 Bl ' 10411043 Liuet

(1987 e s&gﬁﬁgﬁﬁﬁgﬁ%ﬁ%ﬁéﬁd %é%"ﬂ?gmm%m
ImSGREF3 TS5 Y Sds dessrbadip e ar) ssrofr remple A6S Sstens Sik.
84:21462%8, NiShhatuiaded. & 20EX8E) Od)eaRESNG 753384005 V0O el No.

2d19§§ié\lﬁ§yr§1§’%@%%§f§t4g; and Shaw et at (1988) J. Natl. Cancer Inst.
80:1’553’-15593; orfison, 5. 30 L. (1985) Science 229:1202-1207; Oi et at

(1986) BioTechniques 4:214; Winter U.S. Patent 5,225,539; Jones et at
(19%6) Natyren33d052-525; Verhocyan et at (1988)

In a preferred embodiment, the protein having an Fc region to be purified
according to the invention is an anti-IL-13 antibody, Anti-IL-13 antibodies are
25  described in U.S. Provisional Applications Serial Nos. 60/578,473, filed Time 9, 2004
and 60/581,375, filed June 22, 2004, both titled “Antibodies against human IL-13 and
uses thereof.” The contents of these applications are incorporated by reference. A
preferred anti-IL-13 antibody may variously be referred to as “IMA” herein.
Antibodies thét are capable of binding to, neutralizing and/or inhibiting one or
30 more IL-I 3-agsociated activities, particularly the signaling activity of TL-13, are useful
for treating IL-13-mediated diseases, such as allergic asthma, nonallergic asthma, and

asthma-related pathologies, such as fibrosis, cosinephilia, and mucus production.
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Science 239:1534; and Beidler et at (1988) J. Immunol. 141:4053-4060.
-28 WO 2006/138553 PCTIUS20061023478 Human Antibodies from

- Transgenic Animals and Ahage Display Alternatively, it.is now possible to
produce transgenic animals (for example, mice) that are capable, upon
imPRIAIEEBESDf producing a full repertoire of human antibodRSTHY 386023478
absence of endogenous immunoglobulin production. For example, it 5 has
been described that the homozygous deletion of the antibody heavy-chain
joining redtoh3(BinlligangdanciiTherdland genguhine, MU NICEEeGYH s
mic ?E‘%ﬁﬁ?m e Prstfirifon 8e rokbasiemsbritiscboiaaioements thereof of

challengeseSedisfarsenamito b BrBate NtNes 511258 §.414R98,and

10 ng#né%tg.tFl%élé/fl;u%ganct%pe'bo ies can alg_o be derived from

phage-disp ay}hebraries HI80GehbOoTH SR ot s St tb71 3 gty e

Markasgteat thermd redisks. 22016815 870(10Q1) p oSikm erle oyl 0DaB -associated
antipedies aan alsayhe ataipes f isplay_libraries. (Buechler et

at U.S. Patent No. 420,1%5%5%%%3%2%%%%%%@%%0 én %‘Hyg’ﬁ”“”
Corf & B HIgRE afit 2 BBtifRteriseakd andnipmpiéenes ghaiitive bitdeeg IL-13

;De@ggdﬂ@?ﬁateiﬂaffdméﬁi;(ws@mgﬁa ?éﬁblépg&ﬁﬁ}%ﬁugﬁ~??receptor
erpved ntibqdies or anti ragments (for example

Fabys é%%c%%gg}% o ?ﬁgﬁwﬁﬁ%ﬁg@oﬂ% %ﬂ’gg% PrhRecihonmimas dhereof
are &KoV i Red ardlriRgitiofini grabictimoitbalhieibgthcbispltifignents thereof
antipeeinsdhbaseshe Béﬂ@e@@@ﬁﬂé@@?&%ﬁf@{v o Iﬁ%ﬂﬂp %%9@ H}I Qtﬂeavé(a reduce)

chain- light chain paijrs, where the two chains have different specmles
(MITSCAREE I, R s hSpyemn 18 835) Ui desapties e « subuit
assbrurnthofifyitecigtotytith ieafyrmmibligitchaineatens vy idempes.

14quadromas) produce a potential mixture of 25 different antibody
molecules (see, WO 93/08829 and in Traunecker et at, EMBO J.,
10: 885 Brstg e fegirsdeentunirgiFoeieiasalso include cross-linked or

"heteroconjugaiesr préieaeiRsn b fXATHRI B85 RLIDG ﬁﬂ%qg&&#& Weourified
hetecrgocgn u?nattl%can be coupled to avidin, the othe_[ to"biotin of other = =
payload: HeleroZ St artiBtied i etymaat-dfingtingiovmedsenibed in
PCT Publication No. WO 2002/46237 and U.S. Publication No. 2005011865 1, both
20 titled “Humanized antibodies that recognize beta amyloid peptide.” The contents of
these applications are incorporated by reference. Preferred anti-Af antibodies may
variously be referred to as “AAB” and “12A11” herein.
Other preferred Fe region containing proteins include antibodies that have beén
approved for therapeuticuse in humans. Such antibodies include antibodies that bind to
25  atumor cell antigen, 'antibodigs that bind to a cytokine, antibodies that bind to a cytokine
recep‘cor and antibodies that bind to an adhesion protein. Accordingly, in various |
embodiments, an Fc region containing protein can be an antibody or an Fe fusion
proteins that bind an antigen selected from the group consisting of CD3 (e.g., OKT3),
CD52 (e.g., alemtuzumab; Campath®), VEGF (e.g., bevacizumab; Avastin®), EGFR
30 (e.g., cetuximab; Erbitux®), CD33 (e.g., gemtuzumab; Mylotarg®), CD20 (e.g.,
rituximab; Rituxan®; tositumomab; Bexxar®; ibritumomab; Zevalin®), HER-2 (e.g.,
trastuzumab; Herceptin@), TNFu (e.g., adalimumab; Humira®, infliximab; Remicade®;
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30 cross-linking methods. Suitable cross-linking agents are well known in

the art, and are disclosed in U.S. Pat. No. 4,676,980, along with a

-number of cross-linking techniques. In yet another embodiment, the

antibody can beconjugated, chemically or genetically, to a payload such
asrefetivésséetectable, or functional moiety, for 29 WO 2008/138368/023478
PCT/US2006/023478 example, an immunotoxin to produce an antibody
conjugate. Such payloads include, for example, innnunotoxins,

chestrodrerpip Eutirsl @) € T2t (ian! dpelizatlabf Vidnighve®e vusllixknahySindhe®),
art. ' ' retel i having.an Fc regjon as used.i

he i B e A RIS T -
of aiPeriBBuReeaErRs G- taaibollipmbiReptivaBeytict ifegrin (e.g.,
exampieaiiesteyRgigr)can be fused to a ligand for a receptor such that a
goluble fusion protein is created that is capable of binding the receptor

nd that has Fc 10 related functions (such as serum stability, Fe receptor

binding aﬁwslmdmmmmueﬂmmf@eﬂ@qimﬁﬁgﬁﬁ&ﬁuﬁ@di&a e or in
extr 0 . receptor such that a solu usion proteinis .

ere R e o0 18 RSO PR fpording o
corﬁ?féﬁll‘(@“mm the native receptor) and that has Fc-related functions. A
non-limiting example of such an Fe fusion protein is etanercept

1§Embrel(r)er which 15 comprises the extracellular ligand-binding domain of
he human FREEFREESEHF TR0l RLUNPIRSAOIHGR R Rjesfurther described
Anthyodyyfatibniploteing EalsopieferTad Baimphe ar ol Bysiay Grateifston and
or Ig&%&)@tﬁ}ﬁ%ﬁgp be prepared using standard recombinant DNA
techniques and have been described in the art, see for example U.S.
Patent No. 5,116,964, U.S. Patent No. 5,225,538, U.S. Patent No.
5,3%%a08&and U.S. Patent No. 20 5,428,130, all by Capon et at Anti IL-13

1§”tib°die§1'1@ %IE)Oreferred e odim%%t, t£1 protein having an Fc region to

e purified Sceording to e /AR ESITL AR AMNEAtYS RIROSH O MAti-1L-13

antiberdivica ree 25ouElodribing ithide SiRrouisiomabidpgl ieatiodseSeERMDS as AAB,
60/978 4 T3 afteid T s / 75, filed June 22. 2004. both
titled "Ar,lti%gcgkg% ggﬂg%gtsﬁijg%ien@ﬁ%%gﬁ%lﬁzggs% %ﬁg]bﬁa’c he f:ec?ﬁ?tel% dof

the e by Bl s o veralence. A preferred anti-IL- 13

antibody may variously be referred to as "IMA" herein.
20  Moterials and Methods

In general, the practice of the present invention employs, unless otherwise
mdicated, conventional techniques of chemistry, molecular biology, recombinant DNA
technology, immunology (especially, e.g., immumoglobulin technolo gy), and standard
techniques in electrophoresis. See, e.g., Sambrook, Fritsch and Maniatis, Molecﬁlar

25 Cloning: Cold Spring Harbor Laboratory Press (1989); Antibody Engineering Protocols
(Methods in Molecular Biology), 510, Paul, S., Humana Pr (19596); Antibody .‘
Engineering: A Practical Approach (Practical Approach Series, 169), McCafferty, Ed.,
Ir] Pr (1996); Antibodies: A Laboratory Manual, Harlow ef al., C.S.H.1. Press, Pub.
(1999); Current Protocols in Molecular Biology, eds. Ausubel et al., John Wiley & Sons

30 (1992). Bousse ef al., Protein Sizing on a Microchip, Anal.Chem. 73, 1207-1212 (2001);
Knapp et al., Commercialized and Emerging Lab-on-a-Chip Applications; In:
Proceedings of the uTAS 2001 Symposium, Ramsey, J.M. & van den Berg, A., 7-10
(2001); and Mhatre et al., Strategies for locating disulfide bonds in a monoclonal
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Antibodies that are capable of binding to, neutralizing and/or inhibiting one

or 30 more IL-13-associated activities, particularly the signaling activity of
IL-13, are useful for treating IL-I3-mediated diseases, such as allergic
asthma, nonallergic asthma, and asthma-related pathologies, such as

fibf LR8P Iphilia, and mucus production. -30 WO 200611 3§9%8H52006/023478
PCT/US2006/023475 IL-13 binding agents that are IL- 13 antagonists,
including antibodies and antigen-binding fragments thereof that bind to

|L- 15 5POg% i rass FRAsTERTRITY.IR apih Chigtvaffity Snaispaciici@d) TIe3-2510
antifiedms and antigen-binding fragments thereof of the present

disclosure are also referred to herein as "anti-IL-13 antibodies"” and 5

"frag,;@%%%h%r aﬁ,"er }%?e(%}zively. In one embodiment, the anti-1L-13
antmy—(ﬂraz;%é%‘lﬁm reduces, neutralizes, and/or antagonizes at
feast one ha BraeHsciontaining tivityine onchapnpie;cthiey antidirdl 3 piatiiacy cthods
or feagyaen; therepbean: iR IRt L31 6.0 - A0:GRIA08 QM 1R Eonditioned
mterggélem\{lvggngrgn{nt%g%tmn &9, binding, between IL-13 and an IL-1§.
receptor comprex ¢t- §I5"$‘, AT e X Ol R e Sy SR e den eigiono
("ILPIBRa10Y dhe mreltinmptediihntydedptuesdphalciiaificd hith Ry aypapriate
SUDRIAARRAen 1 AR AL ARRIEVAY ) THUS. I8k o
! @ntibodlﬁﬁ?nd t;raé;]ments thergg{ deélscribed r}éereg%%gﬁlk?%é&j%mmn o

inte?FAFE tRHOf R7S R Bk 5 RS reduce) an interaction, e.g.,

binding, between IL-13 and an IL- 13 receptor complex, or a subunit

theggg)},iga%(;pfyﬁm;%{%g%i%vith the formation of a functional signaling
complex. er Preferred Fe Region Containing Proteins In another
preferred SHBEHFERD Hhdp irsimeaerepaimribedigionomdiplhifien (AAB,
acctrdingtd heijrooasitonispuari-hé.anibetuAni-Atkanibesias are
1flesgrifed in BCT Rublication No. WO, 2002/46237 and U.S. Publication
o el TR R P P AHSBTES st it A
betacahiteil’ feptiley, THddvntenrobithestiapplicaditns wished as described for
incerpRExied Rydaierrnag: B slerd Antaatd ARIRANISS,MAY ,yagiously be
referred to as "AAB" and "12A11" herein. Other preferrea Fe region
containing proteins include antibodies that have been approved for ,
seuticoliteget tnteams. Such antibodies include antibodies that bind to
225 a tumas selkangar gptibodi _ﬁé@ﬁ ind 1Q tokine, antibodies th
bind to a cytokine receptor an(gﬂ?r]tl 0 ?2%%%%%/&%&%?%%%1&%8 untot IRT
pro?é?ﬁ?%&b%%%?}ﬂ%%ﬁgmﬁbﬂdy samples, while Pro A HPLC method was

employed to determine IRT levels for the IMA monoclonal antibody. Size Exclusion

H

Chromatography (SEC-HPLC) was used to determine the percentage of monomeric

protein (monomeric IgG), high molecular weight (HMW), and low molecular weight
25 (ILMW) spcc.ies. Denaturing SEC-HPLC analysis was carried out to determine the

relative amount of Under-Disulfide Bonded (UDR) species in sampies. The levels of

HCP in the test samples were determined using an Enzyme-Linked immunosorbant
assay (ELISA).

30  Analytical Assays: IRT & UDB
Reversed-Phase HPLC (AAB IRT Analysis)
The RP-HPLC was conducted as follows. Disulfide reduction of each sample

was performed by incubation at 40 °C for 60 min in the presence of 2.5 mM DTT.
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embodiments, an Fe region containing protein can be an antibody or an

Fe fusion proteins that bind an antigen selected from the group consisting

of CD3 (e.g., OKT3), CD52 (e.g., alemtuzumab; Campath(r)), VEGF (e.g., .
bevacizumab; Avastin(r)), EGFR 30 (e.g., ctuximab; Erbitux(D), CD33

(e Y9 YemtiFsiab; Mylotarg(r)), CD20 (e.g., rituximab; Ritux&RfIS2006/023478
tositumomab; Bexxar(r); ibritumomab; Zevalin(r)), HER-2 (e.qg.,

trastuzumab; Herceptin(r)), TNFa (e.g., adalimumab; Humira(r), infliximab;
Rerfilkatrsion w31 nr®Red oM B8E5BIRCT AI6R0OGI02347% n ehanessapt of 5.5 mM
Embyelgddi &b @Q,gwqi@é:}'m; 1), basiliximah: Simulect(r)), .
RSV (e.g., palivizumab; Synagis(r) ,%ag?g%éﬁ%ﬂmf%uﬁﬂﬁ@%%mﬁﬁ?%%!Wﬁh5
||b/#iaf’fg.${.f,) Défﬂéi%?dﬂ?%wwg%mﬁr(&m@m i rH%b; ATapoxia(rRly 40 ug
anchAdaeghinde ghyRRPUEHPGHad MfaRE o 1 HBRDINPRWIA LR o lumn
g)f the foregé)ljt}g E%Xﬁ%gtfbe ﬂ%l)ecules, alone orin combination, are
SuitabIaTor preparation ASE OrEYiGH ESRELIMRY proteins according to the
invention. G@usari RescaHidd BEPEChbodiments of the present invention

are furthegdgseriregd byovvé’y of the following Examples. The Examples

are offered by wa ofpiilustration and not by way of limitation. EXAMPLES
15 The fo%ﬁ?ﬁﬂ@ frib|8d YrdEirévee) foritetrative purposes only.
Exampleshasbifrpide:using threewdifferenisnanesignal antibodies
referred tg as AAI 2A11 and IMA). Eight separate experiments are
1(élescribed%a gg:ﬂa%e%fglsmeﬁﬂ/lﬁ’rjﬁ a combination of antibody and impurity
removal. 2BRféieridls/amd Methods In general, the practice of the present
invention gppigys. Yhless.Qtherwise indicated, conventional techniques
of chemistry, molecular biology, recombinant DNA technology,
immunolon@QBé@@@?ﬂéﬁgﬁ‘?/%H&H‘?éblobulin technology), and standard
teciiniogtadi satelecl aphosestSaer £F3.RSambrook, Fritsch and Maniatis,
olecular 25 Cloning: Cold Spring Harbor Laboratory Press (1989);
Antibody Engineering Protocols (Methods in Molecular Biology), 510,

Paul, S., HumaribaPle (:996)didmtithody tRn@meEring: eBiartical Approach
+ hA o ££ | = |

(Practical App 8 e 5
0-1 95 5
2 70 30
54 60 40
55.1-70 95 5

Frotein A HPLC (IMA IRT Analysis)
The Protein A-HPLC was conducted as follows. A total of 100 jLg per injection

20 on POROS Pro A column at room temperature for 35 minutes was performed under the

following conditions:
Column: Poros Pro A 4.6 x 50 mm
Column Temp: ambient
Mobile Phase A: 50 mM Ammoniem formate, pH 6.0
25 Mobile Phase B: 10 mM Ammonium formate, 0.8% formic acid
Flow rate: 2.0 mL/min

Detection; 280 nm
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Irl Pr (1996); Antibodies: A Laboratory Manual, Harlow et al., C.S.H.L.
Press, Pub. (1999); Current Protocols in Molecular Biology, eds. Ausubel

- et at, John Wiley & Sons 30 (1992). Bousse et al., Protein Sizing on-a

Microchip, Anal. Chem. 73, 1207-1212 (2001); Knapp et al.,
CoiARfércitit?déd and Emerging Lab-on-a-Chip Applications; ICT/US2006/023478
Proceedings of the,uTAS 2001 Symposium, Ramsey, J.M. & van den
Berg, A., 7-10 (2001); and Mhatre et at, Strategies for locating disulfide
bonds in &wicHsttoRAMBRWO 2006/138553 PCTIUS2006/023478
antibody y@egg.g,%s “?HESU&?%?WO'& Q&ghCommun.Mass Spectrom, 13 (24)
2503-2510. (1999). Production of Target Protein 5 The target Fc
cortairSISRS tames dane fstsdieédlsy? standard expression methods,
e.g., using a recombinant mammalian cell line grown in suspension
ulture. Conditioned medium containing the Fc containing protein of
Interest is generated in a production bioreactor. The resulting product
may be harvestdthbhr®2clrditicnyitmaniyappsopréatanglarification step

such as, for exarm e=afererefitrathon= AR E-0-22 m
adient 11

centrifugation jpad |I'tLra 1oh and<0.22|m filratoft Purification B@tﬁrget

protein The pyrification df-the target monoclamal antibofies exepnplified
herein (AAB, [2ATTIargiiygA)consists-of \,aglgure of *‘7&&&%@&—@9&9&@%}
on protein A affinity 15 chromatograghy. This Can consjst of imé, ProteinjA

SepharoseTM Fast FIGW;>Fdtein A Sephard$6TM Fagt Flow, @
MabSelect Proteim A-—THe TesiTr st STrivarsHetas described-for—each-ef
the experiments and the product eluted and tested for impurity levels.

An&NSs ity AR IEP 2iBesidrsed-Phase HPLC (RP-BPLC) was used

' to quantibedheiagSROUGFIB TR wsen i RerdAR Maneclanal AniPeHY. mples
158 k g,dwhéﬁ?ﬁPros%HPLC method was employed to determine IRT ,
Ievqg?s %or the IMASRONGLIONAT SHBOHY S72L EREiFSeH e bRmal Sgrapations

1

(SECHRLD I WeS prstdnG déeumidint X pesas TEER R TRHONAMSHGE 7.4. The

pratej ' j lecular weight (HM W), and low )
o e A S MR S b s o
caffEy-chtectERfrain entimo el ativBoamduntioftklp dé DB itfide. Bonded
(UnB)sesieninsemplenTRelevelsio HEPID NS (S5 samPles were

determined using f\n Enzyme-Linked immunosorbant
Chromatographic/Assay conditions were as folows:

Column: Tosoh BioSep G3000 SWxl
Column Temp: Ambient
Mobile Phase: 3 M Guanidine HCL, 25 mM NaPO,, pH 6.8

20 Gradient: Isocratic

25

Flow rate: 0.5 mL/min
Detection: 280 nm
Run Time: 50 minutes

Injection: Triplicate 50 pL (10 pg)
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assay (ELISA). 30 Analytical Assays: IRT & UDB Reversed-Phase IIPLC
(AAB IRTAnNalysis) The RP-HPLC was conducted as follows. Disulfide

- reduction of each sample was performed by incubation at 40 C for 60 min
in the presence of 2.5 mM DTT. -33 WO 2006/138553
P@?/€$§256%23478 Alkylation was performed by incubatior? QFf6B#{6/023478
temperature in the presence of 5.5 mM iodoacetic acid. Following

reduction and alkylation all samples were quenched with 5 i of 1 M DTT.

EBAYBLE L eaaansetoe (e shdufers (VEIR TAomovalfitd) 40 pg of

each reduced, alkylated sample was injected onto a POROS Ri/H

RP-HPLC column 5 and run for 70 min under the following conditions:

ColtiriH® PER! Rt B LB RS BORe R AERIKAAB was

0. 1perified §wady onpriaiers iyl o Diletdhase B, koFe A WA K290 with a wash
c itrile:  10. Elow, rate: 1.0 nil/min ction: 217 n un Time: 70

fni%%@é%r?jgé%%%ﬁcg?& B Eglzéxawtc):ah 16 GrAC ?Ielﬁtgrp C@S were as listed

in TABLE 1. 15 Table 1: Gradient times for RP-HPLC method Gradient

Tim@8euaife BorlainBi: hZndhSQomd KA PRrds FRAR Pt ARG L AHELE o1 rmp
(IMA IRT Analysis} The Protein A-HPLC was conducted as follows. A total

of TOBFGRPTHERHER" 2070t BERGS Plo sewsieiRtias B ihpsradiEA FPLC
for Ghominbiespwas, RerorrRditnden e olellPWiIng EARHIIORS: chromato graphy

10 steps described in experiment 1, the following conditions were used. (Exceptions are

noted in the individual experimental descriptions).

Column dimensions — 1.0 cm x 11.4 cm
Operational flow rate — 150 cm/hr

15 Equilibration 1 - 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Flush — 20 mM Tns, 150 mM NaCl, pH 7.5 (1 column volume)
Wash 1 - Variable (Sec Table 3) except for run #1, which had no wash 1
Wash 2 — 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes)
Wash 3 -- 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column volumes)

20 Elution — 50 mM Glyeine, 75 mM NaCl, pH 3.1 (6 column volumes)
Strip 120 mM Sodium Citrate, pH 2.7 (5 column volumes)
Strip 2 — 6 M. Guanidine HCI (2 columnn volumes)
Strip wash ~ 20 mM Tris, 150 mMNaCl, pH 7.5 (5 column volumes)
Storage ~ 16% Ethanol (5 column volumes)

25 Rumn temperature: 2-8°C

The rmp Protein A Sepahrose™ FF columm runs were equilibrated with 5 column
volumes of 20 mM Tris, 150 mM NaCl, pH 7.5. The column was loaded at
approximately 10 mg product/mL resin. Loaiiing was followed by a 1 eolumn volume
30 flush with equilibration buffer and 5 column volumes of wash 1 solution. All Wash 1
solutions tested are outlined in Table 3. Wﬁsh 1 was included in all runs except for run

#1. Wash 1 was followed by 5 column volumes of 20 mM Tris, 1.0 M NaCl, pH 7.5 and
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Column: Poros Pro A 4.6 x 50 mm Column Temp: ambient Mobile Phase

A: 50 mM Ammonium formate, pH 6.0 25 Mobile Phase B: 10 mM .
Ammonium formate; 0.8% formic acid Flow rate: 2.0 mL/min Dete(5:t|on:

280 urn -34 WO 20061138553 PCT/US2006/023478 Run Time: 3
mintEE4Af&ton: Triplicate of 100 pg each The gradient time2CHAFB46/023478
listed in table 2. 5 Table 2: Gradient times for Pro A column Gradient

Time % A% B 0-51000 25-3055 45 30.5-351000 dSEC-HPLC (AAB

UDB REERysYSumss giuk g8 EasHsoMvisJopldiicte d bs fulfoslsnTinatibody was

e i Swﬁgjﬂm@%?% i fzogﬁéﬁ%n% Eyo(?&"é%i Fodugt pool
reagentssample mixture, af final concentrations o , 3

M uaér%’ %%gﬁelfzﬁﬁ&%%wﬁé,%%n%?-f:ﬂ%@?mwgmsmpped,
heatashad 830sfore20 Trbhufoisilelenbiing thedRghspovRESDMMRT $RiSnt in the
ASSRRIMO,GORIERIS Ale BMRIOYEdL to allow a bracketing of UDB levels.

Internal references with fow and high levels of UDB were used as
controls. 15 Chromatographic/Assay conditions were as follows: Column:

TospinRieSEPIGAAMEWrhIGRIwRVIAGY walienYokile Phase: 3 Ivi

Gu oh=25-mM-NaRQ4pH 6.8 20 Gradient: [socratic Flow rate:
0.5 :ﬁﬁlﬁln Detection: 280 nriv3@dHifMne: 50 minutes % LMW | % IRT
1 Control (No Wash 1) 4.4 2.5
2 P0% Propylene Glycol, pH 7.5 47 2.5
3 50 mM Tris, 2.0 M Magnesium Chloride, pH 7.5 1.6 1.5
4 |50 mM Tris, 2.5 M Magnesium Chloride, pH 7.5 1.5 1.3
5 pPOmM Acetate, 2.0 M Magnesiuvm Chloride, pH 4.5 0.9 0.8
6 50 mM Tris, 4.0 M Sodium Chioride, pH 7.5 4.4 2.5
7 150 mM Tris, 2.0 M Calcium Chloride, pH 7.5 : 1.8 1.4
8 50 mM Tris, 2.5 M Calcimm Chloride, pH 7.5 0.8 0.8

The results showed that the magnesium chloride and calcium chioride washes reduced
10 Jevels of IRT and LMW species, whereas the sodium chloride and propylene glycol
washes did not reduce IRT or LMW species. ‘

EXAMPLE 2: Protein A Chromatoeraphy with CaCl, wash for IRT removal

15 In this example, a larger scale antibody purification was carried out using protein A -

‘chrematography with a CaCl, wash to remove IRT species.
The culture containing the monoclonal antibody was purified at pilot scale using a
MabSelect Protein A column (2 .4 L) connected to a Millipore K-Prime 400

20 chromatography system. The two MabSelect runs were performed as described below.

Column dimensions — 13 em x 18 cm

Operational flow rate — 150 cm/hr, 300 em/hr
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Injection: Triplicate 50 pL (10 g) 25 -35 WO 20061138553
PCT/US2006/023478 EXAMPLE 1: Comparison of Wash Buffers for IRT
-removal (AAB) In this example, an impure solution containing the

monoclonal antibody AAB was purified by adsorption onto a Protein A
coltivilERBd by a first wash with a wash 5 buffer containirtf&fti$e406/023478
CaC12, MgC12, NaCl or propylene glycol. The culture containing the
monoclonal antibody was purified at small scale using an rmp Protein A
Sephatdisatianrr-clurvh T80 IS0 md«tig o s G o aalthaned ICTA

P U SOOI VYR RLCRL 3 TR LD A gepharose T

FF E#romato raphy 10 steps desct In experiment 1, following
condtighd Wg?é’ﬁéyé@s(@ {onaPBl - iteanitirrednuividsiall for run #2
cpealmalanT o U koY Anesanl QL
pagational flow - r uilibration 1- 20 mM Tris, m
%ag}?,% 6&7.&@&?&%%3?@@&5@%%5 £9 SRR NBEIMM NaCl, pH
7.5 Hugsrmidvoidibcivash aMNEbiE(SedTaiima)vexeapy for run #1,

higla-ad ey c T4is, 1. NacCl. pH 7.5 (5 col
yolls%s Was\ﬁ@égi }Glillc,) %ﬁﬁﬁi& ég% %I&{Nieli%cﬁ p‘? ﬂM%a(?lg’o% ﬁ?‘?m V(0|L(I: r(r)1 gg "

20 Efffon—SH Hvredina iiC 8 ?ﬁmllll’a‘@ﬂ,uﬂq’sﬁ.l (6 column volumes)

Striftiip 2csh M 2Baeid Mdsitr ften N2 L (FEEOIY BN NYRIMTMESSEP 2 - 6 M.
idine HC1 I Stri h - 20 mM Tris, 150 mM

1(,3U@%g;1|%g7_.5% é% Qlur gv umes)§ rgl) was mM Tris m

NacCl, p column o(fﬁr%%ns])v ¥¥aHe - 169 Ethanol (5 column
voldHBsy BRIt ¥erature: 2-8C The rmp Protein A SepahroseTM FF
column runs were equilibrated with 5 column volumes of 20 mM Tris, 150

mM.NagCl, 7.5, The column was loaded at approximately 10 mg

pr%é%f%sﬁ% FrYsing R o REtve B ratadcBitng s Befiuehi20 mM

witiTEeuitBrabonblifeHans! Thetunmuoiksenef Waski kolieR Ay 10 mg
1Vash busolions te tlined in Table 3. Wash | was included in all

ru ?g%xléept fogrgr%h ﬁ#ﬁﬁg\vl?}égstﬁiiomgs oi\s/l\?é)guwg%% ébméjg‘ﬂ%‘ fion

mwbqﬁgg ang) MW&@,V@W% @irdlash 1 solution. This wash 1 solution consisted of 50

mM Tris, 2.0 M CaCly, pH 7.5 for rim 1, while it was left out entirely forrun 2. Wash 1
was then followed by 5 colummn volumes of 50 mM Tris, 1.0 M NaCl, pH 7.5 and 5
colm volumes of 10 mM Tris, 75 mM NaCl, pH 7.5. The monoclonal antibody was

20 eluted from the MabSelect Protein A columm with 50 mM Glycine, 25 mM NaCl, pH
3.1. The product pool was then neutralized to 7.8-8.2 with 2 M Tris pH 8.5. The

columns were then stripped, washed and stored. The resulfs are shown in Table 4.

Table 4: % IRT levels in pilot-scale ruus with and without calcium chloride wash

Run # | Wask 1 Buffer % IRT
50 mM Tiis, 2 M CaCly, pH 7.5 0.8
2 Control (None) 1.9

25

The results showed that at pilot scale the calcium chloride wash removed IRT from the

product pool.
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36 WO 2006/138553 PCTJUS2006/023478 7 column volumes of 10 mM
Tris, 75 mM NacCl, pH 7.5. The monoclonal antibody was eluted from the
column with 50 mM Glycine, 75 mM NacCl, pH 3.1. The product pool was
then neutralized to 7.9-8.1 with 2 M Tris pH 8.5. The columns were then
stifpEW S IF2SRed and stored. Table 3 lists the levels of the IRACSHERNE/ 13478
LMW present in the 5 product pools from the various runs. Table 3: IRT

and LMW Values for Various Wash 1 Buffers Run # Condition % LMW %
IRTEXEMBLE I 3NB IR@novsldAIVAY 2 0% Propylene Glycol, pH 7.5 4.7 2.5

3 50 mM Tris, 2.0 M Magnesium Chloride, pH 7.51.6 1.5 4 50 mM Tris,
2.5Mtlt\ﬁag}pesifm Ch‘J ride,%PH 751513 550 mM Acetate, 2.0 M
Magheaium CRIGr %f—‘?%. ectyrn! gukbodR/BMA) Fovbaigmshin Example 1
Chlviddesqatina Srdall &&e plliinabibd wsth200MGatekhm Chloride, pH 7.5 1.8
4.4 8 50 mM Tris, 2.5 M Calcium Chloride, pH 7.5 0.8 0.8 The results
showed that the magnesium chloride and calcium chloride washes

redd@8§uleriepaiainhpthediffamimenedins! onibndad e s saiuparditdktienall
ancspiepylape Bhysoticveskesdid Raihadues IR 05t SBSISS Healthcare

EX@M #EZ:IPrﬁgt in A Chrong&tograph with CaC12 wash for IRT
removal 15 1 This examiE R ettt alds b Basy Rsurmeston deagibed below.
carried out using protein A chromatography with a CaCl2 wash to remove

1%%&@9}@@@&@&@@@0&&@@%@%&92@%0nal antibody was purified

at pilot scale using a MabSelect Prote mn (2.4 L) connected to a

MillgTetens Aok w9 krefatography system. The two MabSelect
rungquélierpeiiarmed apoRsgrisedhetons, GRYMpsAMARSIRNSIaASFM X
18 Sggg_r ggé@l.%)gv&{m%%o ﬁ?/ r,300 cm/hr -37 WO 2006/138553
PCT/052006102%4 78> EqUilsiati8H {20 FRMEFHECNBEShM Nacl, pH 7.5
(5 CHitithA vl mds} ddiveih AQCxnN.G N6 16D, pISNEE kditnf Sdameaiumn
15018 ) — 50 mM Tris, 5 mM NaCl, pH 7.5 (3 colunm volumes)
Wash 4 — 10 mM Tris, 5 mM NaCl, pH 7.5 (5 column volumes)
Elution — 50 mM Glycine, 5 mM NaCl, pH 3.0 (5 column volumes)
Strip — 6 M Guanidine HCI (5 column volumes)
Strip wash — 20 mM Tris, 150 mM NaCl, pH 7.5 (6 column volumes)
20 Storage - 16% Ethanol (5 column volumes)
Run temperature: 18-24°C

- MabSelect protein A column was equilibréted with 5 column volumes of 20 mM Tris, 1
M NaCl, pH 7.5. The column was loaded at approximately 45 mg product/mL resin.

25  The column was then washed as follows: 5 column volumes of 20 mM Tris, 1L.OM
NaCl, pH 7.5, 5 column volumes of 50 mM Sodium Acetate, 0.6 M CaCly, pH 5.0, 3
columm volumes of 50 mM Tris, 5 mM NaCl, pH 7.5, and 5 column volumes of 10 mM
Tris, 5 mM NaCl, pH 7.5. The product was eluied from the MabSelect protein A
column with 50 mM Glycine, 5 mM NaCl, pH 3.0. The product pool was then

30 neutralized to 7.7 with 2 M Tris pH 8.0. The column was then stripped, washed and

stored. The results are shown in Table 5, which provides the levels of IRT species in the
load-and peak.
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Wash 1 - 50 mM Tris, 2 M CaC12, pH 7.5 for run #1 and no wash 1 for run
#2 Wash 2 - 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes) 5 Wash

.3 -10 mM.Tris, 75 mM NacCl, pH 7.5 (5 column volumes) Elution - 50 mM
Glycine, 25 mM NacCl, pH 3.1 (6 column volumes) Strip 1- 50 mM
GG BN NaCI, pH 2.7 (5 column volumes) Strip 2 - 6 MPETEREME23478
HCI (2 column volumes) Strip wash - 20 mM Tris, 150 mM NaCl, pH 7.5 (5
column volumes) 10 Storage- 16% Ethanol (5 column volumes) Run
temperature: 2-8C The MabSelect Protein A column was equilibrated with

5 column volumes of 20 mM Tris, 150 mM NaCl1, pH 7.5. The columns

were thenToadest at FRETEXINASIM ARADEal BRTOWEHI T ESS RS Was

followed by a 2 column volume flush with equilibration buffer and 5 column

volumes of wash 1 sgluRkgniy fugyvash I Folution ggﬁ@tﬁ%ﬁo—m

Tris, 2.0 M QGaCl2, pH 7.5 for run 1, while it was left out entirely for run 2.

Wash | was cotumm-vgtrmes-of 50-ritT+is—1-0-M

NaCl, pH 7.5.and 5 column volumes of 10 mM Tris, 75 MM NacCl, pH 7.5.
he monoclonal antibody was 20 eluted from the MabSelect Protein A

column with 50 mM, Glycine, 25 rum NaCl, pH 3.1. The product pool was

trert FETTAI V5 GRS WA Bl B Sk o chGAT

stripped, washed and stored. The results are shown in Table 4. Table 4:

% IRT levels in pilot-scale runs with and without calcium chloride wash

AR 4 pidens Opll IPygteBORalb Tal<IIA CaCl2, pH 7.5 OT 2

1&€ontrol (None) 1.9 25 The results showed that at pilot scale the calcium
chlgride wash removed, |RT from the product pool. -38 WO 2006/138553
PCTY U SHEI S8 Ex o SPE v AT iREmBvReshaal mdtsis GERiom 2
a diffeperatimonociotiag drtiboy(ohbA)olismritaidysest B Example | was

used in a small scale purification with a CaC12 wash. 5

The culture containing the monoclonal antibody was purified at small scale using a
15 MabSelect Protein A column (19 mL) connected to a GE Healthcare ARTAFPLC
chromatography system. The two MabSelect runs were performed as described below.

Column dimensions - 1.1 em x 20.0 cm (19 mL)
Operational flow rate — 300 cm/hr
20 Bquﬂibraﬁon 120 mM Tris, 150 mM NaCl, pH 7.5 (5.0 column volumes)
Wash 1 —20 mM Tris, 1 M NaCl, pH 7.5 (5 column volumes)
Wash 2 - 50 mM Sodium Acetate, 0.6 M CaCl,, PH 5.0 (5 colurn volumes; only for run
2)
Wash 3 — 50 mM Tris, 5 mM NaCl, pH 7.5 (2 column volumes)
25  Wash4 - 10mM Tris, S mM NaCl, pH 7.5 (5 column volumes)
Elution — 56 mM Glycine, 5 mM NaCl, pH 3.0 (5 cohimn volumes)
Strip — 6 M Guanidine HCI (5 column volumes)
Strip wash — 20 mM Tiis, 150 mM NaCl, pH 7.5 (6 column volumes)
Storage — 16% Ethanol (5 column volumes)
30 Run temperature: 18-24°C
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The culture containing the different monoclonal antibody (IMA) was
purified at small scale using a MabSelect Protein A column (17.3 mL)

- connected to a GE Healthcare - AKTA Explorer chromatography system.
The run was gerformed as described below. 10 Column dimensions - 1.1
cif R ¥8%¥r{17.3 mL) Operational flow rate- 300 em/hr EquiifbFAtigA?4023478
20 mM Tris, 150 mM NacCl, pH 7.5 (5.1 column volumes) Wash 1- 20 mM
Tris, 1 M NaCl, pH 7.5 (5 column volumes) Wash 2 - 50 mM Sodium

AcekateMabs Nstaretem prckiopsnasieaiiboliahedh $50vaehvalusesmi20 mM
TristdBsmbb Nk, F:573. cohyBa YR mashYias Qt%fip;&ﬂ?MeT{i/ﬁS\l ﬁlg}'\/'
aCl,

NaCl Ht]m?J 5 colymn volumes) Elution - 50 mM Glycine, 5 m _
o 1BE BT FRTR, cHF LT . B eSS T e el oF 20 mb Tis,
volurfi&d P& piash; FARmMIE FuiaddHdmyMaGlith 5l cobdh ooluis of 50 mM
volamesh 2Q:alRragen ég%ggc?aggl‘«@sc}%g@ @’1\1/(?1! m e?&t}ol?tru%e qtoléuw}twq\f then

temperature: 18-24C MabSéléct protein A column was equilibrate

colUHRSrbRiiescatwe raumerof S Qs Eris S g Nagd, oéluhiraadascolumn

loadeitatapproximetsly $mmypradyatin, resin.shdhecolumpayasden
Wai%%%al%&ol!%{v%gg lumn volumes of 20 mM Tris, 1.0 M NaCl1, ‘
7.5

H
5,5 columm vorumeS 6By i %’%Mﬁ%ﬁ%@%}ﬂﬂ%é@ﬁppﬂr@&ﬂﬂ““
colppoh wasttthse sofBi2eiMo DEE7 Y mivh RACT j-b . 5,0archd o0ltBvas then
100181 vHARBM B ifr2d M NAGH b yet waseluted 1o
the MabSelect protein A column with 50%%@5%%%%%' a&‘i"%ﬁf%‘%é level
Th&'PrSdURssis RRsae e the oomet s arrthy ranmsledmitisJsE18.0. The
column was then stripped, washed and stored. The results are shown in
Ta hi ovides the Jevels of JRT specijes in the load and peak.
-39%1\%’3%0 7368 B 8 d&éi’c??ézfgf%c‘ﬂﬂfé‘s: % IRT in the load
and i ran-with-CaCti2wasp-%oiR-in-tead-%IRT-HnPeak- 5.8 1.1 5
Th aiseﬁéjﬂu tj showed that the%wggeilﬁl%sh provided a 5 folgHCP (FPM)
redqueti IR
1 None (Control) 6,124

2 50 mM Sodium Acetate, 0.6 M CaCly, pH 5.0 2,295,

15 The results showed that the CaCl, wash provided 3 fold greater removal of HCP as

compared to the control run.

EXAMPLE S5: DNA Removal (AARB)

20  Inthis example, the ability of a CaCl, wash to remove host cell DNA. from a preparation

containing the AAB monoclonal antibody was examined.
The culture containing the monoclonal antibody was purified at small scale using a

MabSelect Protein A column (19 mL) connected to a GE Healthcare AKTA FPLC
25 chromatography system. The three MabSelect runs were performed as described below.
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EXAMPLE 4: Host Cell Protein Removal (IMA) 10 In this example, the

ability of a CaC12 wash to remove host cell protein (HCP) from a

preparation containing the IMA monoclonal antibody was examined. The
culture containing the monoclonal antibody was purified at small scale

usifig A B8 Select Protein A column (19 mL) connected tPEIBE2006/023478
Healthcare AKTA FPLC chromatography system. The two MabSelect

runs were performed as described below. Column dimensions - 1.1 cm X
20.6- el gimeydperational fidWaate - 300 cm/hr 20 Equilibration 1- 20

MMObEgHRRIMMNACL Rid Lp>-0 column volumes) Wash 1 - 20 mM
Tri;é‘ﬂ111 NaCl, pH 7.5 (5 column volumes) Wash 2 - 50 mM Sodium

AcerFRUBEIRN & a@brilsip [BLBMARCbIoMES Grigiiorrusumiesyash 3
- 507 T 06, mEMITMid\ 250l nH NaB1 3RO dllmeDIuARHVash 4 -10 mM

Jri | NaCl 7. umn vQlumes) Elution - 50 mM Glycine, 5
?nh;“Négi(?: , pl\l—gﬁgng}%? %%%r(}r?lr\]g \% ggﬁéjg ‘3 B IHREH R ey 25nd 3 only)

cold¥fhva AR Tiis WaIH N2Olnp¥l TS kolumbAdiaGbspitihb (Gnd 3 only)

colomihvolumeshvtQs g ivieYact n velumes) 30 Run
tenggelrature: 18-24C -40 WO %%6%/?%2@%?&8%%@8@87 23478 The
Ma

SRR Klearsnts WAL WachipFhied (Ginlswoieiimediumes of 20
mMBtips; AGAMM KLNEE] o M R TIhgro v prwasdoatigdea) approximately

5 uc in, C W. washed wjth 5 column
1(€o|§%n%é’§‘r’ 6%%6 Téan rimslxgm%ﬁag?g R ofumtitional wash

witl? S @Mk Vofilhaee! 67 sdwmiveBmdiim Acetate, 0.6 M CaC12, pH 5.0
waRusesnFaignte: efitigr; the column was then washed with 5 column
volumes of 50 mM Tris, 5 mM NaCl, pH 7.5 and 5 column volumes of 10
mM Tris, 5 mM NaCl, pH 7.5. The product was eluted from the MabSelect

profdin MabSklnehRuithin @ nobdrtHyoiney &aaliilafeledtid: 8. chRERMRINSES 0f 20

POLNY ' 7 with 2 M Tris pH 8.0, The column was
hen H?%;‘%?Sgg‘&?ﬂﬁa%@ﬁﬁ%é%%? hoviaind e bt Rt

wh ﬁﬂ?rﬁf’ﬁwa the mgpoduct/mL resin. This was followed by a2 column volume flush
with equilibration buffer. For runs 2 and 3, this step was followed by 5 column volumes

of Wash 1 solution. Forruns 1 and 3, 5 column volumes of Wash 2 solution was used.

All 3 runs employed 7 column volumes of Wash 3 solution. The monoclonal antibody

20 was eluted off the MabSelect Protein A column with 50 mM Glycine, 75 mM NaCl, pH

25

3.0. The product pool was then neutralized to 7.5-8.0 with 2 M Tris pH 8.5. The

columns were then stripped, washed and stored. The results are shown in Table 7.

Table 7: DNA removal with calcium chloride wash.

Ran # Wash 1 Wash 2 DNA {DNA
: (ng/mL)|(ppm)
1 None (Control) 20 mM Tris, | MNaClL, pH 7.5| 3.6 0.37

2 {50 mM Tris, 2 M CaCly, pH 7.5 None 09 [ 0.09
3 |50 mM Tris, 2 M CaCly, pH 7.5{20 mM Tris, 1 M NaCL pH 7.5] 03 | 0.03

| "The results showed that the addition of 50 mM Tris, 2.0 M calciwm chloride, pH 7.5

provided 10 fold greater reduction of DNA compared to using NaCl in the wash
solution,
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of HCP species present in the control run and the run washed with CaCl2.
Table 6: HCP removal with and without CaCl2 Run # Wash 2 Condition
. HCP (PPM) 1 None (Control) 6,124 2 50 mM Sodium Acetate, 0.6 M
CaCl2, pH 5.0 2,295, 15 The results showed that the CaCl2 wash
proiideck 3 f&siek greater removal of HCP as compared to the ceammilseinm/o23478
EXAMPLE 5: DNA Removal (AAB) 20 In this example, the ability of a
CaC12 wash to remove host cell DNA from a preparation containing the
AAB monoclonal antibody was examined. The culture containing the
ibgd S , e using.a MabSelect
Protein A column (19 1l 5 Healtiicare AKTA FPLC 25
chromatography system. The three MabSelect runs were performed as

desgripactRaigne, 2420966 BERR S OHNH2008 %Qe?gfnﬁ,%?mﬁ%éﬁ%s in

]g_:ime scigns -1. 1 cm x 20 cm Operational flow rate - 300
r

quiBFEIEHS B it Henestsin i iRdér ta shibitstesmmarevdifimes)
Flush - 20 mM Tris, 150 mM NacCl, pH 7.5 (2 column volumes) 5 Wash 1-

50 mh: Jri 2 5 | | Runs 2 and 3
o e e R S e B Bt D agmed t
(RuNE SrileP sttiprsivesidigons dormamrial, o mphtiNeGhhHsHEP Faahemn

volwmes}iedutiep. - BN Y& V&g i i yiration, a
- M Glycine, O.Sél\v/{igl\klﬂa%%%ﬁﬂg?%g é%%%ﬁ\g/%ﬁﬁgg) nd pH

| Strip.- 50
qu ?%%%%%%%%P@P%ﬁsmaﬁﬁénw%%wm volumes)

Storage - 16% Ethanol (5 column volumes) Run temperature: | &-24C The
Mah{elach &mlel : e ilibrated yyith I

volumes of;.‘{';,?j(gg L%g %W#%%Q%%%%’%%WES T){ﬁer%lguﬁr%qgn%%{e@ Hish
loadRsd sk Wit aepdrchpirenlimaie Yieoewin wrodust mbadsi ifikid wess0 uL of

foll guvpchhy @iRARNKIR gg&ﬁwafwgwaﬁﬂué%@!@ﬂrﬁyﬁ%ﬁl BRLIMNSA was
linde?;diﬂysasé%) was followed by 5 column volumes of Wash 1 solution. _
or TS P EHA™S B ES A R TOYATEs w4 b lsaRlifioh wedshgsetshed with each

of the various excipient wash solutions in 3 stages, each using 300 uL of wash buffer.

After the excipient wash, a second wash with 5 mM Tris, 10 mM NaCl, pH 7.3 buffer

was performed in 4 stages of 300 pL each. The product was then eluted from the resin

in 3 stages of 300 pl, each. Elution étage:s 1 and 2 were combined and tested for HCP
20 levels.

Resin Volume — 50 pl.
Wash Excipients — Sodium Chloride, Calciurm Chloride, Magnesium Chloride,
Excipient Concentrations — 100, 250, 500, 1000, 1500, and 2000 mM
23 ExcipientpH -6.0 & 7.5
Elution Buffers — 25 mM Hepes, 10 mM NaCl, pH 3.0, 25 mM Hepes, 100 mM NaCl,
pH 3.0, 50 mM Glycine, 10 mM NaCl, pH 3.0, 50 mM Glycine, 100
mM NaCl, pH 3.0 and 100 mM Arginine, 10 mM NaCl, pH 3.0, 100
mM Arginine, 100 mM NaCl, pH 3.0
30 Run temperature: 18~24°C

The results are shown in Tables 8 and 9.
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All 3 runs employed 7 column volumes of Wash 3 solution. The

monoclonal antibody 20 was eluted off the MabSelect Protein A column

with 50 mM Glycine, 75 mM NaCl, pH 3.0. The product pool was then
neutralized to 7.5-8.0 with 2 M Tris pH 8.5. The columns were then
stMgpasild@sHied and stored. The results are shown in Table PCTTa$f@0G7023478
DNA removal with calcium chloride wash. Run # Wash 1 Wash 2 DNA

DNA (ng/mL) (ppm) 1 None (Control) 20 mM Tris, 1 M NaCl, pH 7.5 3.6
0.37 250 mM Tris, 2 M CaCl2, pH 7.5 None 0.9 0.09 350 mM Tris, 2 M
CaGlgyRH.7. I ! 7 03, 2o;The resul
A A Vi{?h i Sl BRI

provided 10 fold greater reduction of DNA compare 0 usmg NaCl in the
wash—selution—42-W0-20061138553.PCT11US20061023478 EXAMPIL E

mondifiotic Bufieod)/ Iwabsreiant, pu-mcM runs inCaGnich]  MgCh

6: Host Cell Protein ﬁg [RemO\)XPEEZAljﬁ ln-this_exaiyash Bxeipient

vayious wash conditip re tested Jar the ibility to remoYECH @b hlgh

v matarac.aarfarrm.

thioUER R S5 eR (At o) T &96= vaUOumcn plate-formatwasperormes
identify the be&s% wash conditipns for removaj of #ﬁiloggﬁtles suc ggdHCD f0§0,800

the RBBEREPERD | This screen vaAld the fvaskS6ipiehts, isx#ipient 22,000

congentaiQeaiigPH 10 to determigg their sﬁeg@ﬁg@d)ro ,ebbwu;%eu 18400
impiti CP.10he MabSelect resih was_equilibrated using - ’

my tI’Fg§”BIIOGHIYI?/;lnﬁla(‘l pH 7.3 and !R%ed with Bfethict in a dAGRth. The 14,200

==

resin2¥asMhigRRBspacked, mixed angdeO L of regmongs d|stribifgd to €acn §,700
WEWE?E%E fittef| plate. T| - well-was-15 equilibratedlin
solution 0 5& v ?’IS, 10 mM{NaClI; pH 7.3, ndﬁgﬂowas hedmﬂq eagh 300

of the various excipient wash solutions in 3 stages, each using 300 L of
wash buffer. After the excipient wash, a second wash with 5 mM Tris, 10
mMIRBEPpH 7. @Q@)ﬂ@l“\ﬁfa@‘p@?@ﬁﬁéﬁ Kesinsraplie B0 tiiwmotklatide, calcium

product was thef 8N fomagReyvacilorideayedich-300 L each. Elution
stages 1 and 2 were combined and tested for HCP 20 levels.

: Elution W:a:réh Wash Excipient
Elution Buffer ggg EJg:;}})ltnt | _NaCl | CaCl, |  MgCh
@M | mm) HCF pm)
50 mM Glycine 100 | 27,900 17,500 21,800
25 mM HEPES 250 24,700 16,600 18,200
100 mM Arginine 100 500 26,500 14,000 17,300
50 mM Glycine 1000 30,100 14,500 17,700
25 mM HEPES 1500 35,300 12,000 12,500
100 mM Arginine . 2000 41,700 8,200 11,700
10
The results showed that both calcium chloride and magnesium chioride reduced the level
of HCP in the MabSelect peak pool compared to sodium chloride at pH 6.0 (Table &)
and pH 7.5 (Table 9) at all excipient concentrations.
15
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Resin Volume - 50 L Wash Excipients - Sodium Chloride, Calcium

Chloride, Magnesium Chloride, Excipient Concentrations - 100, 250, 500,

1000, 1500, and 2000 mM 25 Excipient pH - 6.0 & 7.5 Elution Buffers - 25

mM Hepes, 10 mM NacCl, pH 3.0, 25 mM Hepes, 100 mM NaCl, pH 3.0,

5GARENERE, 10 mM NaCl, pH 3.0, 50 mM Glycine, 100 mRFREERY5{0R3478

3.0-and 100 mM Arginine, 10 niM NacCl, pH 3.0, 100 mM Arginine, 100

mM NaCI pH 3 0 30 Run temperature 18- 24C The results are shown in
XADRLE G Re ) malidy )

HCP values for MabSeIect resin Washed Wlth sodlum chlorlde calcium

chlgr
El

%fb e, or magnesium chloride at(%; 6.0 Elution Wash Wash Excipient

ErERUiRSithReea ariipyemoe wifler diamEdpibemded specics

(pp(MDEMMDe@éM)eBO mM Glycine 100 46,800 28,500 30,800 25 mM
£EPES 250 35,300 17,900 22,000 100 mM Arginine 500 40,900 17,700
18,400 10 50 mM Glycine 1000 34,300 12,600 14,200 25 mM HEPES
1506v3700 Frpisno\ S Fogo 0t FivuAy ginin o 200604 B:060t5 IR0 930004l in
Tahle @GP values for Mabs elect resin washed with sodium chloride,
calcium chloride, or magnesium chloride at pH 7.5. Elution Wash Wash
Exci Tent Elution Buffer NaCl Excipient NaCl CaC12 MgCI2 C

10

15

20

25

30

Colummn dimensions - 1.0 cmx 11.4 cm

Operational flow rate — 150 cm/hr

Equilibration 1 —20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Flush — 20 mM Tris, 150 mM NaCl, pH 7.5 (1 column volume)

Wash 1 - 50 mM Acetate, 2.0 M CaCl,, pH 5.0 for Run 1; None for Run 2
Wash 2 — 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes)

Wash 3 — 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column vohumes)

Etution — 50 mM Glycine, 75 mM NaCl, pH 3.1 (6 column volumes)
Strip 1 - 20 mM Sodium Citrate, pH 2.7 (5 column volumes)

Strip 2 ~ 6 M Guanidine HCI (2 column volumes)

Strip wash ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 cohumn volumes)
Storage - 16% Ethanol (5 column volumes)

Run temperature: 2-8°C

The rmp Protein A Sepharose IT columns were equilibrated with 5 column volumes of
20 mM Tris, 150 mM NaCl, pH 7.5. The columns were then loaded at a load of
approximately 10 mg product/mL resin. This was followed by a 1 column volume flush
with equilibration buffer and then 5 column volumes of wash 1 solution. This wash 1
solution consisted of 50 mM Acetate, 2.0 M CaCl,, pH 5.0 for run 1, while it was left
out entirely for run 2. Wash 1 was then followed by 5 column volumes of 20 mM Tris,
1.0 M NaCl, pH 7.5 and 7 colummn volumes of 10 mM Tris, 75 mM NaCl, pH 7.5. The
monoclonal antibody was eluted off the rmp Protein A Sepharose™ FF column with 50
mM Glycine, 75 M NaCl, pH 3.1. The product pool was then neutralized to 7.8-8.2
with 2 M Tris pH 8.5. The columns were then stripped, washed and stored. The results

are shown in Table 10.

-45.



one. Conc. HCP (ppm) (MW (IDW 50 mM Glycine 100 27,900 17,900
21,800 25 mM HBPES 250 24,700 16,600 18,200 100 mM Arginine 500
26,500 14,000 17,300 100 50 mM Glycine 1000 30,100 14,500.17,700 .

25 mM HEPES 1500 35,300 12,000 12,500 100 mM Arginine 2000
AWPO0U8/288311,700 10 The results showed that both calciurfE€HIBee/023478
and’magh&sium chloride reduced the level of HCP in the MabSelect peak
pool compared to sodium chloride at pH 6.0 (Table 8) and pH 7.5 (Table

9)

at all excipient concentrations. 15 -44 WO 2006/138553

PCT/U520061023478 EXAMPLE 7: Removal of under-disulfide bonded

Sp
un

daple %@ﬁ’é)qugre‘igﬁwﬁé‘, Yﬁ@‘%ﬁﬁlﬁ@‘ﬁf‘fﬂé@%"é‘iﬁ%ﬁ to remove

der_disulfide.bhonded Qh d--5-Twe rmn Protein

A
ex

:eﬁ“rﬂ’rﬁsm M FF runs were peﬁ@FFﬁ’é?:l essentially as descrlbed n/? Ubk

Cco

pmple 1. Column dimensions - 1.0 cm x 11.4 cm_10 Operational flow .

VO

rate - 190 cmghr Equifibrafibdaetste, M BeCls @i NaCl, gH 7.5 (5°-°

Sy FIUST =20 iYL TG JRiG TV NaCT, pH 7.5 (T Colump g

ume) Wash 1 - 50 mM Acetate 2 0 M.CaC12 pH 5.0 for.Run 1, None

for Run 2 Wash 2 - 20 mM Tris, 1 0 M NaCl, pH 7 5 (5 column volumes)

15

Wash 3 -10 mM Tris, 75 mM NacCl, pH 7.5 (7 column volumes) Elution

: 5&@1{% gr%%ctrla %ezlg 20 umr% %’S Srgnlgosr) \t/rc|)|:)ur2&l ggﬁ;?%gg%r% %llr?em1 50

HORNE SoHmmMOM 56 PH 5.0 wash.

10

15

20

25

EXAMPLE 8: Removal of HCP and IRT with Other Divalent Cation Salt Washes
(AAB)

In this example, the ability of washes containing either MnCl, or NiCl, to remove

impurities from a preparation containing the AAB monoclonal antibody was examined.

Two runs were performed to evaluate the effect of washies containing other divalent
cationic salts such as MnCl, and NiCl,. Two control runs were also performed — one
using a 50 mM Tris, 1.0 M NaCl, pH 7.5 wash (no IRT or HCP removal expected) and
another using a 50 mM Tris, 2.0 M CaCl, pH 7.5 wash.

The culture containing the monoclonal antibody was purified at small scale using a
MabSelect Protein A column (9 mL) connected to a GE Healthoare AKTA FPLC
chromatography system. The MabSelect runs were performed as described below. As
described below, all operafional parameters were identical for the four runs except for
Wash 1, which was variable (Table 11). |

Column dimensions — 1.0 cm x 11.5 cm (9 mL)

Operational flow rate — 300 cmmv/hr (Equilibration, Wash 2, Elution, Regeneration,
Storage)

Operatioﬁai flow rate — 230 cm/hr (Load, Flush, Wash 1)
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Strip wash - 20 mM Tris, 150 mM NacCl, pH 7.5 (5 column volumes) 20
Storage - 16% Ethanol (5 column volumes) Run temperature: 2-8C The

rmp Protein A Sepharose FF columns were equilibrated with 5 column
volumes of 20 mM Tris, 150 mM NaCl, pH 7.5. The columns were then
losdechat/ ssdemd of 25 approximately 10 mg product/mL resin. Pidwsrwass/ 023478
followed by a1l column volume flush with equilibration buffer and then 5
column volumes of wash | solution. This wash 1 solution consisted of 50

a I 1 i rely
for ran ﬁ é‘éﬁ 1 Waﬁ%h%ql%%v%%r klﬁ/gg}c ﬁ/r?#r?\;to u%ﬁqe;dﬁ%?%%ﬁ%ﬂ Tris,
1.0%WasNACY praties SeriT2de [Linipr vetopeedien)10 mM Tris, 75 mm NaCl,

pH\ﬁa‘éh’iflesﬁ%mon@&'@@ﬁmmmdws %tﬁd@ﬁfmlfm Proteln A
O%IﬂaroseTM FFE column with 50 %%;glécme 7 thM H 3.1. The

BPp ool B R PARE AT 98.5. The
&olwﬁmmwmmymmw&ﬁwstﬁm&hewm%s are shown -

%ﬂ%%\}v?th angg’1 %ﬁzc%%% cxaﬁlgﬁﬁ%vgﬁ sam pﬁ(s8 Zggr{%%g{%ﬁlfé%g@s

1 SBum pesats; 250241 €aCc12, pH 5.0 9.5 2 None (Control) 20.8 5 A
2-fold reduction in UDB levels was observed for the run that had the

additional 50 mM Acet .0 M CaC h. EXAMPLE 8:

o TR PR e T R FFPEAS BIEE LEih f S0 ahiReegy 50 M
LAAAR]K )1 Thisexdsndd) @ esaliliscolwmashes colrtbminpeithestnGlL@or

N'C'Z 5]% iy %Bam%%%m R GRRIARCARBIIRAIREANER 5 coturmn

ocC ody was examined. 15 Two runs were performed to

evAab e SACENDFiadRA S LBARY e G B SRR S RO ARShdth ome
as Uﬂﬁé&%ﬁﬂ%&hﬁé&ﬁéﬁmﬁr@hw pgivratceRlsernaEosmes wamauﬁmgmh 5

S LB DR S HEE S0 g o e

120 mmm r%@smaimmlgrthwmbﬁ @mﬁﬁlamboug/ml@b@ﬂméa B siisiproduct

ilca{%ﬁd%lag t/geK&T/llgﬁFéﬁ cck RIpieie AROMMA(R Pikd e0rRUSHHR & & Fripped
e%vdtllcgl;:%lumn volumes 50 mM NaOH, 0.5 M NaySOy4 then stored with 5 cohunn

volumes of 16% ethanol, 50 mM Tris, 150 mM NaCl, pH 7.5. The results are shown in
Table 11 (HCP removal) and Table 12 (IRT removal).

* Table 11: HCP removal with various wash solutions
Run # Wash 1 Condition ‘ HCP (PPM)
1 50 mM Tris, 1.0 MNaCl, pH 7.5 | 17,600
2 50 mM Sodium Acetate, 1.5 M MnCl,, pH 5.0* 10,600
3 50 mM Sodium Acetate, 1.5 M NiCly, pH 5.0% 4,700
4 50 mM Tris, 2.0 M CaCl,, pH 7.5 6,500
* pH 5.0 was chosen due to solubility of Mnélg and NiCl, |
25
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chromatography system. The MabSelect runs were performed as

described below. As described below, all operational parameters were
identical for the four runs except for Wash 1, which was variable (Table

11). 25 Column dimensions -1.0 cm x 11.5 cm (9 mL) Operational flow

ra¥eQ 280¢18#7Ar (Equilibration, Wash 2, Elution, Regeneration? C3{braie)23478
Opéertationaf flow rate - 230 cm/hr (Load, Flush, Wash 1) -46 WO
2006/138553 PCT/US2006/023478 ruuv-vi.i .. Equilibration 1 - 50 mM

Trisp, 20 YR nRival Wil A RN WAMPYEShs Wash 1 - Variable (See
Table 11 for composmon) Wash 2 - 50 mM Tris, 10 mM NacCl, pH 7.5 (5

col ~pH-3.0(3
coluﬁﬁ\m\ﬁ)IEmes) 5 Regene‘?éﬁ?&ri‘ Gy difi#NaoH, 0.5 M Na"SO4I§T ()
column volumes) Storage - 16% Ethanol. 50 mM Tris, 150 mM.NaCl, pH

7.5 (5 tolumn volume&§ virTesmbe rtdlzC11 BEDAS The Mab$elect Pot&in
A dolumn was equilibrated with 5 column volumes of. 50 mM-110.Tris...150

mM NZCI, bH 738 miMeSeditmmrhip4aoh a8l Mashprskitately 40 mg 077

pr dur-t/m!_ r 1 |n|nn lInad wac.fluchod aout of +

5 cplurin qun?Qﬂ%ﬁ??ﬁWﬁ?gqum%%% T;E;(;:r;QWas

thepwaskhegd-with-on ~TFabte-tiPriort
elutiongthe polumn WZjS Washedgi/wtwg ﬁn{kﬁvo umes of 50 mM Tr(iés‘8710
mMMVEN3G! Fodern ] > ) RIMEag, Lo MabSelect Protein

A column with 50 mM Glycme 10 mM NaCI pH 3. O The product pool

yvas then neutralized to pH 8.0 with 2 M Tris pH 9.0. The column was
strippe wifhoﬁrsaiwmwamms@spfdsedm@mu& il a2 S@hdhetith solutions

Stored A SR ARITER LAY &&H@ﬁj@% (B d2ehBHIY DAt

results are shown In removal) and Table 12

(| RWmh)oa’abiczl@ Thays thpt ﬁ@m%m@mw@éﬁdﬁ%st«?@w@cﬂuﬁéﬁ% cationic
Run#WashchCendiiandd SR SABWIR T removal compared to the run witha 1.0 M

10 NaCl containing wash solutions. Thus, these results demonstrated that salt washes with

other divalent cations (e.g., with MnCl, or NiCl,), different than CaCly, also were

effective in removing impurities.

Bquivalents Those skilled in the art will recognize, or be able to ascertain using no
15 more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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1 SOmMTris,1.OMNaCl,pH7.5 17,600 2 50 mM Sodium Acetate, 1.5 M
MnC12, pH 5.0* 10,600 3 50 mM Sodium Acetate, 1.5 M NiC12, pH 5.0*
4,700 4 50 mM Tris, 2.0 M CaC12, pH 7.5 6,500 * pH 5.0 was chosen
due to solubility of MnC12 and NiC12 25 -47 WO 2006/138553

P J{H§2006/023478 aiuv-vl it 1 Table 12: IRT Removal with various
wash Solutions Run # Wash 1 Condition IRT (%) 150 mM Tris, 1.0 M
NaCl, pH 7.5 2.78 2 50 mM Sodium Acetate, 1.5 M MnC12, pH 5.0* 0.77

50 mM Sodiu cetate. 1.5 M NiC H 5.0%0.47. 4 50 mM Tris, 2.0
5015 ARSI RS2 MO RaRE AEF O ich SN JfiRediud
NiC12 S:dapteibt steowstthabtdeteve! ofoHGRepresenompuns: giat weps of:

washed with sglutigns containing divalent cations had 1.5-3.5 fold less
HCPs than thea(ci%)%rc%)rg’lg(iga %#\%% ¥ \?\l}a%s%mﬁe{gfgeafg%h ows that the runs
that contained whehwasthe & witndiva kegent donit tetltspsoletiomslatsoufer solution
prov'de_c%&aég%g &?&r%?‘ao}f’??ic%%r?ﬁ%ﬁ% . ”A%ﬁ%‘trb‘.’g&{ﬁ‘ & %g%ﬁﬂslﬁ %Xaf%uce the
containing wash-solutions. Thus, these results demonstrated that salt
washesonitler other idipaleitscatidns¢egringthdmati drovi Ok cdiffekiegtagent in
than Ca%le% t% 0 xyg{i%neffective in removing impurities. Equivalents

I%e art will recognize, or be able to ascertain using. no 15

MCSLLP

Those sakllleg int
more thethawsinithe prpieiimheniagion linaegiayisivaiehtd foohdhspenifiee liquid.
embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the following claims. -AR MCSLLP
Claims: Theanvidthbel fdpipuifyiigraip rtdiotravingosn iFwvegiemafioralected from

source ll?ﬂéji;ﬂ‘oup consisting of: intron read through variant species (IRT), under
disulfide bonded species (UDB), and low molecular weight species (LMW).

3. The method of claim 2, wherein said one or more impurities is an IRT.
4. The method of claim 1, wherein the protein is an antibody.
5. The method of claim 4, wherein the antibody is selected from the group

consisting of: an antibody fusion, a murine antibody, a chimeric antibody, a

humanized antibody, and a human antibody.

6. The method of claim 4, wherein the antibody is an anti-IL-13 antibody.

7. The method of claim 4, wherein the antibody binds to an antigen selected from
the group consisting of: CD3, CD52, VEGF, EGFR, CD33, CD20, HER-2,

TNFa, CD25, RSV, IgE, gp lIb/11la, CD11a and o4 integrin .

8. The method of claim 1, wherein the protein having an Fc region is recombinantly

produced.
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comprising the protein and one or more impurities, comprising the steps
of: 5 adsorbing the protein to an Fe binding agent; washing the Fc binding
agent bound to the protein with a buffer solution containing CaC12 at a
concentration from about 0.5M to about 3M to reduce the one or more
impurities; and yecovering the protein from the Fe binding agent in_ an ,
elution SOIGHRHISE QAR tHeNSTERE R oh R bl [SBLRfRFcombinantly
from thesaliael liguidhZackbelmeshodohslaioH )wbierein said one or

more impurities are selected from the group consisting of. intron read

through variant species (IRT), under disulfide bonded species (UDB), and

law. molgtularetiteid bt shaaieswihbiih .thkS 3. bihbnpatwd @hohaisesZine or more of
whereinPsaid.o e or.more.impurities is an IRT. 4. The method of claim 1,
wherein ﬁ%}éeﬁ} eﬁﬂq?ﬁ%e i ody. 20 5. The method of claim 4, wherein

the antibody is selected from the group consisting of: an antibody fusion,

uring.antibgdy, a.chimeric gntibody, umanized antibody, and .
van JHRBBY SF el SUOR Bl i AR 6ot ahiBBLy 1 on @ sold
anti-IL-I3awtibody. 25 7. The method of claim 4, wherein the antibody
binds to an antigen selected from the group consisting of. CD3, CD52,

VEGF, EGFR, CD33, CD20, HER-2, TNFa, CD25, RSV, IgE, gp lIb/llla,
aR11 aBroheethiodegfiinaido 18, Themwisttheddicldiasdconpiein the pratein of a

having an Ifiearegioglijss{gcac%}ragingr@ﬂc\(e produced. -49 MCSLLP 9. The
method of Claim T, Wherein epproltelri having an Fe region is

recombinantly produced in a Chinese Hamster Ovary (CHO) cell. 10. The

rgthoc (L IAR 4y WASISID NG e BnAing, BRSO FOPUSER 008 X DOTE.1, i

MCSLLP

5 Protein A and Protein € mé claim 1, wherein
binding ejeaiisimngebiizectontsodido phases. 10 12. The method of
claim 11, wherein the solid phase comprises one or more of a

14. The method of claim 1, wherein the buffer solution containing the CaCls has a

pH value in a range between about 4.5 to about 7.5.

15, The method of claim 1, wherein the buffer solution has a CaCls concentration in

a range between about 1M to about 3M.

16. The method of claim 15, wherein the buffer solution has a CaClaconcentration in

a range between about 0.6M to about 2.5M.

17. The method of claim 1, wherein the buffer solution has a CaCl; concentration in

a range between about 1.5M to about 2.5M.

18. The method of claim 1, wherein the buffer solution containing CaCl; comprises
about 2 M CaCl..
19. The method of claim 1, wherein the steps of adsorbing the protein to an F¢

binding agent and washing the Fc binding agent are performed at a temperature

in a range between about 2°C to about 24°C.
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bead, a gel, a resin, and a particle. 13. The method of claim 1, wherein the
buffer solution containing CaCl2has a pH value in a range between about
4 to about 8. 15 14. The method of claim 1, wherein the buffer solution
containing the CaC12 has a pH value in a range between about 4.5 to
about 7.5. 15. The method of claim 1, wherein the buffer solution has a
CaCl2 concentration in 20 a range between about 1M to about 3M. 16.
The metfiedoftblaimi thiwHerelrtiie theffereselntior haguaities comprise one or
CaCl2concentration in a range between 0.6Mto about 2.5M. 25.17.

e moltis 3 S tetnian s b rr P S AR BRblincures
concenttatiosfin a range between about 1.5M to about 2.5M. 18. The

method of claim 1, wherein the buffer solution containing CaC12

comprises about 2 M CaC12. 30 19. The method of claim 1, wherein the

stéps oflddsodding tHelpnamtéinmtbeannFbehindimgrage nngnd tweashingribe dac
binding agent ake perfor gLatate erature in a range between about

2C to AEOr 240 50 MASLER ST HS THehod o Eiim 1, wherein the

one or more impurities comprise one or more of a host cell protein, a host

c?il DN’Q“h% 1%%It|h%%lto glﬁgﬁ’tﬂ?’w %9@@'6}8 Eieﬁc'de;[srﬁ%c? (s)féézezslofggg PBS E@ﬁ) z?Jing an
claim 1, wherein the one or more impurities comprise an undesire

speciesltf ttEqroteiphsesingeer ForegiomtiRdybamsthofaghotaimti®ireof having
Where'.”iﬁﬂ%ﬁ{@qgg?drﬁﬂos%%}ic&S%%lé&@?ﬁﬁ%‘%oé?'& Viggb%%y]c%egﬁsr&gfpﬁ%ments
comprises one or more of antibody chains or fragments thereof havirig

intronic Wieaeothirevigly seduenaer dirididmbriagstibddif chnsifedoroir dgpgronns

thereof i i r disulfide. li -anti t
thereot, Lo e ARE i U B AR AL S e or
or fragmegmiigrbercof.

MCSLLP

23, The method of claim 1, wherein the step of recovering the protein from the Fe
binding agent comprises eluting the protein using an elution buffer having a pH

in a range from about 2.0 to about 6.5.

24.  The method of claim 1, wherein the method further comprises a chromatography
step selected from the group consisting of: anion exchange chromatography,
cation exchange chromatography, immobilized metal affinity chromatography

and hydrophobic interaction chromatography (HIC).

25.  The method of claim 1, wherein the method further comprises a chromatography
step selected from the group consisting of: hydroxyapatite chromatography,
dialysis, affinity chromatography, ammonium sulphate precipitation, ethanol

precipitation, reverse phase HPLC (RP-HPLC), and chromatofocusing.

26.  The method of claim 1, wherein the one or more tmpurities comprise one or
more intron read-through variants of the protein and the elution solution
containing the protein has a level of intron read-through variants that is at least 5

fold less than the level of intron read-through variants in the source liquid.
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15 23. The method of claim 1, wherein the step of recovering the protein
from the Fc binding agent comprises eluting the protein using an elution
buffer having a pH in a range from about 2.0 to about 6.5. 20 24. The
method of claim 1, wherein the method further comprises a
chromatography step selected from the group consisting of: anion
exchange chromatography, cation exchange chromatography,
irimobilZsdnnedtad afficktycRfombtograpkyiugind bydriphable ipter@atiotovered in
chromatography (HIC). 25 25. The.method of claim 1, wherein t ethod
furiner o S S D s R R M 10
consistifig dfessyitirmapepatitt dhmmategdabingy otliabrsist aiffiitity source liquid.
chromatography, ammonium sulphate precipitation, ethanol precipitation,
reverse phase HPLC (RP-HPLC), and chromatofocusing. 30 26. The

méthod Dictaghdd wiheagin thelomenthwore impurities:ponigseopeEserone or
more injfopreackifona vaiiais aliveAreteln and the lution soluyon. g,
containing the protein has a fevel of intron read-through variants that is at

least 5 folibtgssahamiskddevibbofariron féad-thmodgs vdidaidterivt¢hein the elation
source légﬂlqcﬁ.m MCSLLP 27. The method of claim 26, wherein a

solution containing the protein recovered in the elution solution has a level

of intron read-through variants that is at least 10 fold less than the level of

intgon reﬁ%‘%ﬁé‘&%ﬁi‘o\f%ﬁﬂi%ﬂ‘ %%1%%9(&8 1%%9 'rgaaﬁh%t&%myﬂﬁlqsqgomﬂﬁse less

claim 1, wherein the one or more impurities comprise one"or more intro
read-thrbagkariinis o piiresprotesiv bswldtheoistron teadlttoughutianants
comprise less than about 1 % of a species of said protein in the elution
solution. 10 29. The method of claim 28, wherein the intron read-through

vifiantsldsrmpitieed e€slaian Aol the dftospseibiiotugdid e omyesc loss
elution %Hzgﬂt@au?’g:ST%ethestBQgegfo‘?%m ot%YH%‘%HE%lﬁtiBH@&ution.

read-through variants comprise less 15 than about 0.5 % of a species of
said protein in the elution solution. 31. The method of claim 30, wherein

ﬂgq.intr%@%@ﬂﬁ%@ﬁ@&é{ﬁ{iﬁﬂtﬁrﬁ%ﬁr{ﬁ@ 16588n read-through variants comprise less

than about 0.2 % of a species of said protein in the elution solution.

MCSLLP

32, The method of claim 1, wherein the one or more impurities comprise one or
more low molecular weight species of the protein and the low molecular weight
species comprise less than about 1 % of a species of said protein in the elution

solution.

33.  The method of claim 32, wherein the low molecular weight species comprise less

than about 0.8 % of a species of said protein in the elution solution.

34.  The method of claim 33, wherein the low molecular weight species comprise less

than about 0.5 % of a species of said protein in the elution solution.

35.  The method of claim 34, wherein the low molecular weight species comprise less

than about 0.2 % of a species of said protein in the elution solution.
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than about 0.2 % of a species of said protein in the elution solution. 20 32.
The method of claim 1, wherein the one or more impurities comprise one
or more low molecular weight species of the protein and the low MCSLLP
molecular weight species comprise less than about 1 % of a species of

id protein in the, elution solution.. 25 33. The method of claj .
i D S T AR b AL LS HE T s g
of a spevies ofidaidiprdiein inithedolation sofutionr4iTis thethatbofi shalifnc
33, wheyrei I ' PECI ise t .
0.5 % o 30 e Bten in he
methodeabftotaineBsiowherein the low molecular weight species comprise
less than about 0.2 % of a species of said protein in the elution solution.
-52 MCSLLP 36. The method of claim 1, wherein the one or more
idpuritidbcoripride brigior frorchare thdisalicredirohtide hemdan tsappiie comprise
brotein RRCING UPARNYSHIPS RRACE RIANS AAMPARG GRS BN AG0L
15 % of a species of said protein in the elution solution. 5 37. The method
of claim 36, wherein the under-disulfide bonded variants comprise less

than abeyt 103,013 SRERIST, Al S PIAGAIL 1S BRELRRALLON B85 comprise

The method of claim 37, wherein the under-disulfide bonded variants
comprisessibdasdanan bole spusiss afspetirssisaidhsrebeionrsoheiemtion
solution. 39. The method of claim 38, wherein the under-disulfide bonded
variants comprise less than about 2 % of a species of said protein in the

eldtion. e sacthokicé shasisihgrrbergentecrBpieridiintidedrovsrs naviang ssgpmprise
Fc regiqpsfram, ippuriies ;thekit campusing. &ieAgeaL Selesied from the

group consisting of. CaC12, and a Fc binding agent, and instructions for
use. 20 41. The method of claim 1, wherein the Fc binding agent is a

PIBTeIN. A kit comprising reagents for purifying a protein having an Fc region from
impurities, the kit comprising,
a reagent selected from the group consisting of: CaCl,, and a Fc binding
agent, and

instructions for use.

41. The method of claim 1, wherein the Fe binding agent is a protein.
42.  The method of claim 41, wherein the protein comprises at least one Fc binding
region.

43.  The method of claim 1, wherein the Fec binding agent is a moiety that binds
selectively or preferentially to the protein through a specific interaction with a

binding site of the protein.

44, A method for purifying a protein having an Fc region from a source liquid
comprising the protein and one or more impurities, wherein the one or more
impurities comprise one or more intron read through variant species (IRT), the

method comprising the steps of:
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42. The method of claim 41, wherein the protein comprises at least one Fe
binding region. 25 43. The method of claim 1, wherein the Fe binding

agent is a moiety that binds selectively or preferentially to the protein MCSLLP
through a specific interaction with a binding site of the protein. 30 44. A

method for puriy|og f PIRISIRNARG. Ak &R FRUQNJRINR SBHIAE B which is
comprising the protein“and one or more impurities, wherein the oné€ or

more iraplidthesdéegriméss one or more intron read through variant species

(IRT), the met@%ﬁmﬁ%‘?ﬁéiﬂﬁ%’&leﬁﬁf&%ﬁ%& '%%%Ha%oﬁ%ﬂ{ﬁbﬁﬂgéﬁch ata

protein having an FeTegion to an affinity ligand which is an Fe binding

agent; waskéngahenaffimrybierart SiHadbatie? ddlitimdesniiding: e 12
ata copcentiaiontom AaeHE G Yhie AaH Siioe dves i e JBl 8% elution

S recovering the protein having an Fe region from the affinity’ligand in an
elution $BHitBh, wherein the protein having an Fe region is purified from

the Souwﬁe@&ﬂi%ﬁa The memgqrpﬁek%@bﬁé}s whsEeindbs brifessoltiana,

Y
containing the CaC12 has a 10 pH value in a range between about 4 to
about 8. 46. The method of claim 44, wherein the buffer solution

ceatainipgdhe &akle bagfu R YRING N aHEREERRMELO. ARME S BdQaCl, has a
about 7.5. 15 47. The method of claim 44, wherein the buffer solution has

a CaClPEoyrieniifiorngn erisge Buniddn aboititiiM to about 3 M. 48.
The method of claim 47, wherein the buffer solution has a CaC12

concentration in a range between about 1.5 M to about 2.5 M. 20 49. The
néthod Brcafthosiofmaraifdnetsusiarbe iider soldamsgreaeng the CaCly has a

comprisg AU MGG ThEeSeriBhiaim 44, wherein the
a

protein having an Fc region is 25 recombinantly produced.
47. The method of claim 44, wherein the buffer solution has a CaCl; concentration

in a range between about 1M to about 3 M.

48. The method of claim 47, wherein the buffer solution has a CaCl; concentration

in a range between about 1.5 M to about 2.5 M.

49, The method of claim 44, wherein the buffer solution containing CaCl; comprises
about 2 M CaCl,.
50. The method of claim 44, wherein the protein having an Fc region is

recombinantly produced.

51. The method of claim 50, wherein the protein having an Fe region is

recombinantly produced in a Chinese Hamster Ovary (CHO) cell.

52.  The method of claim 44, wherein the Fc binding agent comprises one or more of

Protein A and Protein G.
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51. The method of claim 50, wherein the protein having an Fe region is
recombinantly produced in a Chinese Hamster Ovary (CHO) cell. 30 52.

The method of claim 44, wherein the Fc binding agent comprises one or  ycsiip
more of Protein A and Protein G. -54 MCSLLP 53. The method claim 44,
whereinthe Fe hinding.paent fsismabiizes-ana solid RIAaGonat: i a solia
method of claim 44, wherein the steps of adsorbing the protein having an

Fc 5 regigscto an Fe binding agent and washing the Fe binding agent are
performed at a temperature in the range between about 2C to about 24C.

55. The method of claim 44, wherein the step of recovering the protein

hefving dhFmatbgion! Risimtie. Pdpividity sFenéodtonzias Elamgiehehaving an Fe
protein ysing, an a@!%%n&ﬁ’lgﬂ &{t%}ﬁi%&ﬁ'@ . _ @@QQ&HQ%&Q% gepfonned at

to about 6.5. 56. The method of claim 44, wherein the method further
compriseSEPERBITabhrapmzshgvsate cistfrbin thakfrdupttonsisting of:
anion exchange chromatography, cation exchange chromatography,
immobilized metal affinity 15 chromatoglraphy and hydrophobic interaction

chromatbf apmod ey am. Fhevhratib o fERivh BeovieshaRetrBrgying an Fe

further cepIRrigeAIRIeR BI8GIEA fLARIRRHAURBASIBUNGRLin using an elution
hydroxyapatite chromatography, oﬁaly3|s, affinit chromat(\)?graphy,

ammonRHHEUIBKES IRECIBitaeaS dirEiIecihiafibrttréverse phase
HPLC (RP-HPLC), and chromatofocusing. 20 58. The method of claim 44,
wherein the elution solution containing the protein having an Fc region

hes a leVBr srsHpe P Felmmntoughramdhtsasthad Bribsses psigsias than
the leveliphintiepread-throwabyaliadts iRdhespuaiiawido22s3n BRehange

method of claim 44, wherein the intron read-through variants comprise

less thSHABRIRIRPSF SEPRGEPBREARIIBRATIAPING BRRDP Eetforfabeinity
The metheghofislaiphd4AnyRomRinp Hasi E trRindingnageshis A RIMSIH RO 61.

The method of claim 44, wherein the affinity ligand is a moiety that binds

selectivdREdPpHo Rl Ay 16-tid priree tlih Rhesrenpiisraéitirp selected
with a Q@Bﬁmﬁ&éﬁ%@ H&ﬁsﬁg@ﬁ%iﬂf: hydroxyapatite chromatography, dialysis, affinity

chromatography, ammonium sulphate precipitation, ethanol precipitation, reverse

phase HPLC (RP-HPLC), and chromatofocusing.

58.  The method of claim 44, wherein the elution solution containing the protein
having an Fc region has a level of intron read-through variants that is at least 5

fold less than the level of intron read-through variants in the source liquid.

59.  The method of claim 44, wherein the intron read-through variants comprise less

than about 1 % of a species of said protein in the elation solution.
60.  The method of claim 44, wherein the Fc binding agent is a protein.
61. The method of claim 44, wherein the affinity ligand is a moiety that binds

selectively or preferentially to the protein through a specific interaction with a

binding site of the protein.
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-55 MCSLLP 62. A method for purifying a protein having an Fe region

from a source liquid comprising the protein and one or more impurities,

wherein the protein having an Fc region is an antibody, the method

comprising the steps of: adsorbing the protein having an Fe region to an

n|ty liga his_ 5.an Fe b| dm ent shi afflnlt li

%‘I r&shoolgj ggrt; aifin %\% conce ra ion’ oﬁargafa%d

M to abeut@mmug ltédpoﬁetheaod@m onorerdiponifiess, avtdraoakenng¢hehaving an

protein n Fc reqion from the ff ity ligand i in,an 10 elution

solutlon@%v f%qeln fhe. prr%ltgelrc%a{li\?/lng a%n e¥eggon [ purl?leasfréjm the

source liquid. 6@sdthepidsthpbefrclaimm@2ymiveredivs aidaondtonimband which is

|mpur|t|e’§l Ul %eé m the group consisting of. intron read through

variant speueebs E%) ng’er 15 disulfide bonded species (UDB) and low

molecular weightdpegibs ¢ifining) liwdﬁhéhﬁéthffdrobhiamn 6@ytaihene(taCl, at a

the ant'%egye@%ﬁaﬂ@ﬁ“{%uwgmgg SRR PUNG ALALANIADGIURIGD:

a murine anti imeric antibo huimanized %bod nd a

human anpneﬁys,za@t@s The method of claim 62, whereln the antlbody is a

humanized antj vvh re|n he

a humanized I?_p%@}éa%%% tﬁé;gré@ﬁwrﬁ%v?n[%t%o%c %g aim'6 th wherein %?t\éand nan

protein RAYiAY wiuetegion is 25 reco_mblnantly produced 68 The

metho%@ﬂ&'@ﬁﬁ”&@ ;Wﬁéﬁ{%'éb{ﬂg aeen QIYIB (%9 [}'\(,SS ure g uid.
vary HO ceﬁ 8 8

recombinantly pro uced in a Chinese H mste
The method of claim 62, wherein the Fc binding agent comprises one or

rggre of rREQLRIA L 3R BRI Gera® MiaSlHRor noggﬁ%]%ﬁ%gef %%' kd from

62, wherein the Fe binding agent IS |mmob|I|zed 0
methodtBe EraiHP 6onsiftiagsf: the o fadsblotah @mnﬂng:we(&imzm
a

MCSLLP

disulfide bonded species (UDB) and low molecular weight species (LMW),

64.  The method of claim 62, wherein the antibody is selected from the group
consisting of: an antibody fusion, a murine antibody, a chimeric antibody, a
humanized antibody and a human antibody.

65.  The method of claim 62, wherein the antibody is a humanized antibody.

66. The method of claim 62, wherein the antibody is a humanized 11.-13 antibody.

67. The method of claim 62, wherein the protein having an Fc region is

recombinantly produced.

68. The method of claim 67, wherein the protein having an Fc region is

recombinantly produced in a Chinese Hamster Ovary (CHO) cell.

69. The method of claim 62, wherein the Fe¢ binding agent comprises one or more of

Protein A and Protein G.
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5 pH value in a range between about 4 to about 8. 72. The method of
claim 62, wherein the buffer solution containing the CaC12 has a pH
value in a range between about 4.5 to about 7.5. 10 73. The method of 0 p
claim 62, wherein the buffer solution has a CaCl2 concentration in a

ragge %@%&%@&F&a%@f%%éﬂ%hg ﬂ’b-gﬁ'?dmgri gtqg m&ﬁzed on a solid

wherein the buffer solution containing CaC12 comprises at least about
1.5 M t@kdssut 2.5 M CaCl2. 15 75. The method of claim 62, wherein the
buffer solution containing CaCl2 comprises about 2 M CaC12. 76. The
method of claim 62, wherein the steps of adsorbing the protein having an

Fd. 20 regonabahatelbindidy dhenimaihe Wastinglutereobintitg dyeheClz has a
are peW%@ﬁn%ﬁ%Hg%eJ@&HE%A%Bﬁtr@@%ﬁ‘é"g?e“ about 2C to about

24C. 77. The method of claim 62, wherein the one or more impurities
comprise one or more of a host cell protein, a host cell DNA, a cell culture

protein, and MmiXHa 68 c2anthereffiefSn theynathiQdiof aihE2nWH BIEBAO8 has a

one or more impurities comprise an undesired species of the protein
having &k Falpedivihr 8@y betrsshibtibd-oftelahat? 8. wherein the
undesired species of the protein having an Fe region comprises one or
more of antibody chains or fragments thereof having intronic read through

sehuenddeoneistdbratintBodyerramidoP Rigeltotaes Faglisgrasntration in
impropey disufidedinkage, @ halkantingdyxar fragment -57 MCSLLP

thereof, a light chain dimer or fragment thereof, and a heavy chain dimer
or fragment thereof. 80. The method of claim 62, wherein the step of

regoverifg.theprteinhaving, amERim R AR theFe Rinding agentcomprises
comprises eluting the protein using an elution buffer having a pH in a

range frdteatebestd-Mipabews 281 Mrihathethod of claim 62, wherein

the method further comprises a chromatography step selected from the

group consisting of: anion exchange 10 chromatography, cation exchange
chtom a%lj’f GRtrid i B Pﬁ%«fﬁ@lgﬁhﬁ@lffer solution containing CaCl; comprises

about 2 M CaCl,.

76.  The method of claim 62, wherein the steps of adsorbing the protein having an Fe
region to an Fc binding agent and washing the Fc binding agent are performed at

a temperature in the range between about 2°C to about 24°C.

77.  The method of claim 62, wherein the one or more impurities comprise one or
more of a host cell protein, a host cell DNA, a cell culture protein, and mixtures

thereof.

78. The method of claim 62, wherein the one or more impurities comprise an

undesired species of the protein having an IFe region.

79.  The method of claim 78, wherein the undesired species of the protein having an
Fc region comprises one or more of antibody chains or fragments thereof having
intronic read through sequence, one or more antibody chains or fragments

thereof having an improper disulfide linkage, a half-antibody or fragment
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chromatography and hydrophobic interaction chromatography (HIC). 82.

The method of claim 62, wherein the method further comprises a step

selected from the group consisting of: hydroxyapatite chromatography,  wcsiip
dialysis, affinity 15 chromatography, ammonium sulphate precipitation,

ethano'tﬂé@é‘dﬁi?ﬂgﬂt EﬁXﬁrﬁﬁn&hﬁsﬁaEBE& ﬂﬁ:l?égk? Jm%_)a ﬁ@zgvy chain dimer or

chromatofocusing. 83. The method or claim 62, wherein the one or more
impuriti§sgompikarestie or more intron read-through variants of the
protein and the elution solution 20 containing the protein has a level of
intron read-through variants that is at least 5 fold less than the level of

ififton rddy-metinshoiatiam$n whersuteesigief 1840 THE eréthi Sfrchanng an Fe
62, whergin e ane,e r@ﬁfﬁlﬂ?&g&%&%&ﬁﬁ}?g&%ﬁﬂﬁg‘]{hé“%?&?e#&‘;ﬁgfﬁg an elution

read-through variants of the protein and the intron read-throug
variantdeSspHaae 8 Hhah e ge fromabeepeBiEsabbsafiprotein in the

elution solution. 85. The method of claim 62, wherein the one or more
impurities comprise one or more low molecular weight species of the

prbtein Ahemrdbedhoherasufsr WeRirn 8o speitid FOERIEESHTan
about 1&{9&{1Qt&@%ﬁi%?s@éf?é%&%@%i&mﬁ@%ﬁlﬁﬂ%n%{iiﬂgo@fz wRMERkkTe

86. The method of claim 62, wherein the one or more impurities comprise

one or MBRHBARNS RS bEHISE SR HATE B GRP PYotBIm alpiy 2R metal affinity
under-digwiide. bepded yatanissemnphiselesohanahauk ke air),

species of said protein in the elution solution. 5 87. The method of claim
62, wherein the Fe binding agent is a protein. 88. The method of claim 87,

vghereinTiieREASINFURRASeS whieaslAE SEGOINGIAG.r 8GR B%epRBlected
method of claim 62, wherein the affinity ligand is a moiety that binds

seIectiv@ﬁ’}‘bFbﬁ’ré?@}’é’rﬁ%F&Sf@ﬂﬁﬁﬁ%@éﬂ?fXﬁ%ﬁ%cgrga@éﬁgg&mbgpégﬁldﬁis, affinity
with a bigding:site ot shepreteing kai8hait hednsihed Ofalaim bré@tion, reverse

comprising Washirclg the binding agent bound to
phase HPLC(RP-HPLC), and chromatofocusing.

83,  The method of claim 62, wherein the one or more impurities comprise one or
more intron read-through variants of the protein and the elution solution
containing the protein has a level of intron read-through variants that is at least 5

fold less than the level of intron read-through variants in the source liquid.

84.  The method of claim 62, wherein the one or more impurities comprise one or
more intron read-through variants of the protein and the intron read-through
variants comprise less than about 1 % of a species of said protein in the elution

solution.

85.  The method of claim 62, wherein the one or more impurities comprise one or
more low molecular weight species of the protein and the low molecular weight
species comprise less than about 1 % of a species of said protein in the elution

solution,
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the protein having an Fe region. with a buffer solution containing NaCl at a
concentration selected from the group consisting of about 5 mM, about 10
mM and about 0.75 M to about 2 M after washing with the CaCl2. 20 91. csip
The method of claim 1, wherein the one or more impurities is reduced to a

Igyel Oﬁ%'%ﬁ(ﬂ?%’&ﬁﬂf? I@Z[O\W%éﬂ?fﬁé%e%?ﬁﬁ% 'ﬂn%ﬁ%y %?nmpone or

92. The method of claim 44, wherein the impurities further comprise at

least orfecst wikerdgisliiae tutrdedspeisies DBy andISthmoIceuriisulfide
weight SRREIRR AR SR 1S MEMRAG! AU 4 HAREH R BREAR in the

more impurities Is reduced to a level of at least about Id lower than
that pregdefipinststsdurce liquid. 30 94. The method of claim 44, further
comprising washing the Fe binding agent bound to the protein having an
Fe region with a buffer solution containing NaCl at a concentration
selected #romrthedgrbolsisn Adistihg o Ao hie Hininetssat S0 PvIcEhd
about 0.75 M to about 2 M after washing with the CaCl2. -59 MCSLLP 95.
The method of claim 62, further comprising washing the Fe binding agent
Bund e BHAERIG Ar RSB TSI SSR ORI BInding
NaCl at,gsig@ncentration selected from the group consisting of about 5

mM, about 10 mM 5 and about 0.75M to about 2 M after washing with the
CaCl2. 96. The method of claim 62, wherein the one or more impurities is

rgglu Ce‘?ﬁfé%lﬁgﬁ& Of Abiprst abretRr talddewas thamPAtRrRIsN! thibends
source liquia. -
selectively or preferentially to the protein through a specific interaction with a

binding site of the protein.

90.  The method of claim 1, further comprising washing the binding agent bound to
the protein having an Fe region with a buffer solution containing NaCl at a
concentration selected from the group consisting of about 5 mM, about 10 mM

and about 0.75 M to about 2 M after washing with the CaCl,.

91.  The method of claim 1, wherein the one or more impurities is reduced to a level

of at least about 2-fold lower than that present in the source liquid.

92.  The method of claim 44, wherein the impurities further comprise at least one of
under disulfide bonded species (UDB) and low molecular weight species

(LMW).

93. The method of claim 44, wherein the one or more impurities is reduced to a level

of at least about 2-fold lower than that present in the source liquid.

94, The method of claim 44, further comprising washing the Fc binding agent bound
to the protein having an Fc region with a buffer solution containing NaCl at a
concentration selected from the group consisting of about 5 mM, about 10 mM

and about 0.75 M to about 2 M after washing with the CaCl,.
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96.
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The method of claim 62, further comprising washing the Fc binding agent bound
to the protein having an Fc region with a buffer solution containing NaCl at a
concentration selected from the group consisting of about 5 mM, about 10 mM

and about 0.75M to about 2 M after washing with the CaCls,.

The method of claim 62, wherein the one or more impurities is reduced to a level

of at least about 2-fold lower than that present in the source liquid.
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